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= (54) Title: MEANS FOR IDENTIFYING <I>NEISSEIRIA MENING1T1DIS</I>-SPECIFIC GENES 

= (54) Titre : MOYENS POUR IDENTIFIER DES GENES SPECIFIQUES DE NEISSEIRIA MENINGITIDIS 

=== (57) Abstract: The invention concerns an exhaustive method for detecting pathogenic bacteria genes, in particular Nm genes, ex- 
pressing a desired phenotype, characterized in that it consists in: using a bank of mutants generated from a given bacterial strain so 
that at least 70 % of the non-essential genes, and in particular at least 80 %, even more than 90 %, are mutagenized by inserting a 

BBS transposon in a reading phase; then contacting the mutants, either individually, or in groups, with an environment, such as a medium, 
an animal or cells, capable of interacting with the mutant bacteria expressing the desired phenotype; recovering, when groups are 
used, the bacteria which have not reacted with the desired phenotype; identifying the mutated genes of said bacteria and verifying 
whether they are involved in said phenotype. The invention is useful, in particular, as anti -pathogenicity targets, which consists in 
inhibiting Neisseria meningitidis growth in vivo in the serum, for developing antibiotics, for screening and manufacturing medicines 
^3 designed to open the blood brain barrier to active principles, and for preparing vaccines. 

fS| (57) Abrege : V invention vise un precede" de detection exhauspf de genes de bacteries pathogenes, en paticulier deNm, exprimant 
un phenotype recherche, caracteris6 en ce que :- on utilise une banque de mutants generee 6 partir d'une souche bacterienne donnee 
de maniere 6 ce qu'au moins 70% ds genes non essentiels, et notWment / au moins 80%, voire plus de 90%, soient mutagenis£s par 

^ insertion d'un transposon dans une phase de lecture, - on met en^uije'en contact les mutants, soit individuellement, soit en pools, 
avec un environnement, tel que milieu, animal ou cellules, capable d'interagir avec les bactenes mutantes exprimant le phenotype 

£S recherche> on rScupere, dans le cas de V utilisation de pools, les bacteries n'ayant pas interagei avec le phenotype recherche, - on 
identifie les genes mutes de ces bacteries et on v£rifie leur implication dans ledit ph£notype.Applications, notamment, comme cibles 
d* anti pathogenicity, consistant 6 inhiber la croissance de Neisseria meningitidis in vivo dans le serum, pour deVelopper des antibio- 
tiques, pour cribler et fabriquer des medicaments permettant rouverture de la barriere hematoenc6phalique 6 des principes actifs, et 

^ ^laborer des vaccins. 
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des genes specifiques de Neisseria meningitidis. 

L'invention se rapporte a des moyens pour identifier des genes specifiques de Neisseria 
meningitidis (Nm en abrdge). Elle concerne egalement ces genes et leurs applications 
biologiques. 

5 Nm est une bacterie strictement humaine qui ne survirpas dans le milieu exterieur. Son seul 
reservoir connu est le nasopharynx de l'homme. Dans certaines circonstances meconnues k ce 
jour, cette bacterie va quitter le nasopharynx, envahir le sang circulant et etre responsable de 
septicemics et/ou de meningites. L'existence d'une meningite suppose que la bacterie 
franchisse la barriere hemato-encephalique, une des barrieres les plus infranchissables de 

10 Forganisrne. Neisseria meningitidis est une bacterie k multiplication extra-cellulaire, c'est a 
dire qu'm vivo sa dissemination s'accompagne d'une multiplication dans le secteur interstitiel. 
Tres peu de bacteries a multiplication extra-cellulaire sont capables de franchir la barriere 
hemato-encephalique apres la periode neonatale, il s'agit essentiellement de Streptococcus 
pneumoniae, Haemophilus influenzae et Neisseria meningitidis. Cette propriete suppose done 

15 des attributs specifiques qui permettent a ces microorganismes de franchir cette barriere. 

Neisseria meningitidis presente deux specificites pour une bacterie a multiplication extra- 
cellulaire : 



20 (i) Elle est responsable de bacteriemies importantes avec un nombre eleve de bacteries dans le 
sang. Ainsi, la comparaison, dans un modele animal utilisant le rat nouveau ne, du niveau de 
bacteriemie induite par Tinjection du meme nombre de bacteries appartenant h deux especes 
differentes (Neisseria meningitidis et Klebsiella pneumoniae) montre que N, meningitidis 
induit une bacteriemie qui peut etre 50-100 fois plus importante que celle induite par 

25 K.pneumoniae. Ceci souligne la parfaite adaptation de N. meningitidis a la croissance dans le 
secteur extra-cellulaire. Certains attributs bacteriens ont d6ja ete identifies comme participant 
a cette croissance extra-cellulaire. II s'agit essentiellement de la capsule polysaccharidique, du 
lipo-oligosaccharide et des systemes de captation du fer. Les deux premiers attributs 
permettent la resistance au complement et & la phagocytose par les polynucl6aires et la 

30 troisieme attribut permet k la bacterie de se procurer le fer essentiel k sa croissance. 



l 
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(ii) La deuxieme particularite :x!e N. meningitidis est liee & sa capacite a rranchir la barriere 
hemato-encephalique. Cette propriete resulte d'une interaction avec les cellules endothelials 
cerebrales. Le seul attribut bacterien identify & ce jour comme etant implique dans 
Tinteraction de N. meningitidis au niveau de Tendothelium cerebral sont les pili de type IV. 
5 Une molecule faisant partie de ces pili appelee PilC, impliquee dans cette interaction, est 
l'adhesine des pili. 

Les travaux des inventeurs ont porte sur la recherche de moyens permettant d'identifier les 
genes de Nm capables de croTtre specifiquement dans le serum et de franchir la barriere 
10 hemato-encephalique. 

L'application k Nm de la technique decrite par Pelicic et al, 2000 pour construire une banque 
de mutants a permis de mutageniser plus de 70% des genes mutagenisables et done non 
essentiels. 

15 

Cet outil s'est revele particulierement precieux pour detecter de fa^on exhaustive l'ensemble 
des mutants pour un phenotype donn6, par exemple ceux importants pour la croissance dans 
le serum, et pour identifier des adhesines importantes pour l'interaction avec les cellules 
endothelials et done le passage de la barriere hemato-encephalique, et ce sans 
20 necessairement tester les mutants individuellement pour ce phenotype. 

L'invention a done pour but l'utilisation d'une telle banque pour detecter des genes de Nm 
exprimant un phenotype particulier. 



25 Elle vise egalement les genes impliques dans un tel phenotype. 



L'invention a egalement pour but, la mise k profit des genes ainsi identifies comme cibles 
pour Tantipathogenicitd de Nm. 

30 Elle vise aussi l'utilisation des genes codant pour des adhesines pour permettre le passage de 
la barriere hemato-encephalique a des principes therapeutiques. 

L'invention vise en outre les gSnes essentiels de N. meningitidis, et leurs homologues dans les 
autres especes bact^riennes et leur utilisation comme cibles pour developper des antibiotiques. 

2 
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Conformement k l'invention, on detecte des genes de bacteries pathogdnes, en particulier de 
Nm, exprimant un phenotype recherche, selon un procede caracterise en ce qu' : 

5 - on utilise une banque de mutants generee k partir d'une souche bacterienne donnee de 
maniere a ce qu'au moins 70% des genes non essentiels, et notamment au moins 80%, voire 
plus de 90%, soient mutagenises par insertion d'un transposon dans une phase de lecture, 

- on met ensuite en contact les mutants, soit individuellement, soit en pools, avec un 
environnement, tel que milieu, animal ou cellules, capable d'interagir avec les bacteries 

10 mutantes exprimant le phenotype recherche, 

- on recupere, dans le cas de Tutilisation de pools, les bacteries n'ayant pas interagi avec le 
phenotype recherche, 

- on identifie les genes mutes de ces bacteries et on verifie leur implication dans ledit 
phenotype. 



La banque de mutants est avantageusement generee selon la methode decrite par Pelicic et al 
ci-dessus. 

L'etape de la mise en contact est realisee par passage sur du serum, ou un modele animal in 
20 vivo ou des cellules capables de reagir avec les bacteries exprimant le phenotype recherche et, 
dans le cas de Tutilisation de pools de mutants, on recupere les bacteries n'ayant pas interagi 
avec le phenotype recherche. 

Pour identifier les genes mutes de ces bacteries, et verifier leur implication dans ledit 
25 phenotype, on organise les mutants en pools. Pour chaque mutant, on amplifie a 1'aide 
^oligonucleotides appropries les sites d'insertions. On depose les produits d'arnplification sur 
une membrane par exemple en nylon. Les pools de mutants sont places dans des conditions 
pour lesquelles des mutants sont recherches. De TADN total est prepare h Taide des bacteries 
obtenues de chaque pool de sortie et une amplification est realisee k l'aide des 
30 oligonucleotides qui ont servi k amplifier les sites d'insertion dans les mutants du pool. Le 
produit d* amplification sert ensuite k hybrider les membranes qui correspondent k chaque 
pool. Les mutants pour lesquels aucune amplification n'est ddtectee sont des mutants pour le 
phenotype consider^. On observera que cette technique permet de conserver les mutants en 
question, permettant de retransformer chaque mutation pour confirmer le phenotype. 



15 
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L'invention vise egalement les genes conferant a une bacterie la capacite de croitre ou 
d'interagir avec un environnement donn6 tel que s6rum, modele animal in vivo, cellules. 

5 Ces genes sont caracterises en ce qu'ils sont susceptibles d'etre obtenus par le procede defini 
ci-dessus. 

L'invention vise en particulier les genes impliques dans la croissance des bacteries dans le 
serum, choisis parmi les genes de la figure 3, identifies par rapport au numero du pool de 
10 . mutants de la figure 2. 

L'invention vise tout spScialement, en tant que nouveaux produits, les genes isoles NmB 352, 
NmB 065, NmB 2076, NmB 638, NmB828, NmB 825 et NmB 790. 

15 L'invention vise egalement 1'application des genes selectionnes par rapport au phenotype de 
croissance dans le serum, comme cibles d'antipathogenicite, consistant a inhiber la croissance 
de Nm in vivo dans le s6rum. 

L'invention vise done egalement 1'application de ces genes pour le criblage et la fabrication de 
20 medicaments permettant l'ouverture de la barriere hemato-encephalique a des principes 
th6rapeutiques, tels que les anti-Parkinsoniens, anti-Alzheimer, antimitotiques, anti-sclerose 
en plaque, antiviraux, antimycotiques et antibiotiques et pour permettre la prophylaxie a des 
infections par Nm avec l'elaboration de vaccins. 

25 L'invention vise en outre les genes essentiels de Nm pour lesquels aucun mutant n'est present 
dans la banque et 1'application de ces genes comme cibles pour developper des antibiotiques. 

D'autres genes de grand intSret selon l'invention sont caracterises en ce qu'ils sont impliquds 
dans Interaction avec les cellules endotheliales. On se referera en particulier aux genes des 
30 tableaux 1 et 2, specialement k NmA 1110, NmA 1111, NmA 1892, NmA 1107, NmA 1108, 
NmA 1109, et NmA 1523. 

Les proteines correspondant k celles codees par ces genes sont utilisables pour l'elaboration de 
vaccins. A cet effet, les proteines sont purifiees, injectdes selon les techniques classiques & des 

4 
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animaux, par exempie chez le T^pin, pour la production d'anticorps. LS^anticorps sont 
recuperes et purifies. Leur pouvoir bactericide est verifie en presence de complement. 

Compte tenu de ses proprietes d'adhesion extremement faibles, comme illustre par la figure 
5 25, la proteine Nm 1 1 10 est particulierement preferee pour l'elaboration de vaccins. 



D r autres caracteristiques et avantages de Tinvention sont donnes dans les exemples qui suivent 
et en se referant aux figures 1 a 25 qui represented : 

10 

- la figure 1, la liste des genes presentant dans les 2 souches sequencees de Nm plus de 70% 
de similarite sur une base proteique, 

- la figure 2A, la liste des genes pour lesquels il existe un mutant dans la banque, la figure 

2B la liste des mutants classes en 96 pools de 48 mutants, la figure 2C, la liste des genes 
15 essentiels de Nm sans mutants dans la banque et la figure 2D, la liste des genes essentiels de 
Nm ayant une homologie de 40, 60, 80% avec un gene de E.coli K12, 

- la figure 3, la liste des mutants alteres dans la croissance dans le serum, 

- les figures 4 & 24, les courbes de croissance dans le serum complement^ et le serum 
decomplemente des mutants de la figure, et 

20 - la figure 25, le nombre de colonies formant des unites, en fonction du temps, avec une 
souche sauvage de Nm (WT), une souche Pil'et une souche Nml 1 10". 

• Construction d'une banque de mutants de Nm 8013 

25 1. On construit une banque de mutants a partir de la souche de N. meningitidis 8013 de 
serogroupe C. On opere selon la technique ddcrite par Pelicic et al, Journal of Bacteriology, 
2000, 182:5391-5398. On obtient une banque ordonn6e de 4547 mutants. 

Statistiquement 80% des insertions sont dans des phases ouvertes de lecture puisqu'il s'agit 
30 du % de regions codantes dans le genome des 2 souches sequencees, a savoir Z2491, souche 
de serogroupe A sequencee par le Sanger Center, et MC58, souche de serogroupe B 
sequencee par TIGR. On dispose done d'environ 3600 mutants dans des phases ouvertes de 
lecture et dans la plupart des cas, de plusieurs insertions par gene. Compte tenu de la taille du 
genome, la mutagenese concerne done 93% des genes mutagenisables. 

5 
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La formule statistique permettant de calculer la probability (P) qu'un gene sera mute est la 



Le deuxieme nombre ne peut etre qu'estime. Mais d'apres des etudes chez des bacteries mieux 
10 caracterisees que Neisseria meningitidis, il est raisonnable d'estimer que 350 genes sont 
essentiels k la survie de la bacterie. En consequence, il y aurait 1470 genes non-essentiels 
chez le meningocoque dont 88 % devraient etre mutes dans la banque. 

2. L'ensemble des insertions de cette banque est sequence selon la technique utilisee pour le 
15 sequen^age des insertions, deji decrite et publiee (Prod'hom et al 1998. FEMS Microbiol 
Lett. 1858: 75-81). Cette technique utilise une amorce specifique pour la sequence connue, 
dans ce cas le transposon, et une deuxieme amorce specifique d'un linker synthetique ligue a 
l'ADN genomique reduit. Utilisation de 1'AmpliTaq Gold polymerase Perkin-Elmer est 
importante pour minimiser une hybridation non specifique des amorces. 



Les exemples donnes ci-apres illustrent les r^sultats suivants : 

- 3801 insertions (83,6%) sur les 4548 mutants ont ete sequences, 

-3221 insertions ont pu etre placees en utilisant les genomes de MC58 ou de Z2491, 

- 580 insertions (15,3%) sont dans des regions repetees ou specifiques de la souche utilisee 
25 pour les mutageneses. 

• Determination des genes essentiels. 

Un gene essentiel ne peut pas etre present que dans une seule souche. On considere alors 
30 comme essentiel tout gfene present dans les deux souches dont le genome a et6 sequence et 
pour lequel il n'existe pas un mutant dans la banque de Tinvention. 



suivante: 



P=l-e-°* 



5 



n: nombre de mutants dans des genes (71 % des mutants sont dans des genes 
comme determine grace au sequengage dans les sites d'insertion), 
p: nombre de genes mutagenisables (non-essentiels) 



20 



Les genes presents dans les deux souches sont donnes sur la figure 1. La nomenclature utilisee 
est celle de la souche Z2491 (sequence par le Sanger). La liste donnee sur la figure 1 a ete 

6 
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obtenue en faisant un Tblast^Be chaque phase de lecture de Z2491 aaffs MC58, puis en 
gardant toutes les phases de Z2491 qui avaient un pourcentage d'homologie superieur a 
70%.Les genes possedant une mutation sont identifies par un grise. 

5 La liste des genes pour lesquels un mutant est present dans la banque est representee sur la 
figure 2 A. La liste de genes differentielle, c-a-d presents dans la figure 1 et non dans la figure 
2A, est enrichie en genes essentiels. Les genes dans lesquels on retrouve les mutants dans les 
transposases sont soulignes et en grise. Cette liste de genes differentielle comprend des genes 
homologues dans d'autres bacteries pathogenes a Gram negatif, telles que les enterobacteries, 
10 Pseudomonas, Acinetobacter, voire certaines bacteries a Gram positif. La figure 2C donne la 
liste des genes essentiels de Neisseria meningitidis ayant une homologie de 40, 60, 80% avec 
un gene de E.coli K12. Ces genes constituent des cibles pour developper des antibiotiques a 
large spectre contre ces bacteries a Gram negatif et des antibiotiques k plus large spectre 
lorsque ces genes sont homologues a certains genes de bacteries k Gram positif. 



• Criblage de la banque pour differents phenotypes. 

Pour le criblage, on met k profit la connaissance de la sequence de chaque insertion. Pour ce 
faire, les mutants sont organises en pools de 48. Pour chaque mutant, on amplifie a I'aide 

20 d'oligonucleotides appropries les sites d' insertions. Chaque produit d' amplification est depose 
sur une membrane de nylon. Les pools de 48 mutants sont ensuite places dans les conditions 
pour lesquelles des mutants sont recherches. De l'ADN total est prepare a Faide des bacteries 
obtenues de chaque pool de sortie et une amplification est realis£e a Taide des 
oligonucleotides qui ont servi a amplifier les 48 sites d'insertion. Le produit d'amplification 

25 va ensuite servir a hybrider les membranes qui correspondent a chaque pool. Les mutants 
pour lesquels aucune amplification n'est detectee sont des mutants pour le phenotype 
considere. 

• Recherche de mutants importants pour la croissance dans le serum 



Comme mentionne ci-dessus, N. meningitidis est une bacterie k multiplication extra cellulaire 
parfaitement adaptee k ce compartiment. L'invention vise done k identifier de fa?on 
exhaustive les attributs et les genes n£cessaires k cette croissance. 



15 
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1 - Isolement des souches : 

On isole la souche sauvage 2C43 wt (controle positif) et Z5463 CPS- (souche non capsulee, 
controle negatif) sur boite GCB (agar 5g/l) ; les mutants realises a partir de la souche 8013 
5 sont isoles sur boTte GCB + Kanamycine 100 \xgf\x\. 

La culture est realisee pendant 14-18h, £ 37°C, sous 5% de CQ 2 . 



10 Le serum humain complement^ est conserve h -80°C. Apres chauffage 30 min. a 56°C, le 
serum est decomplemente. La croissance est realisee pour les temoins et les mutants avec du 
serum complements et decomplementS systematiquement. 

Chaque mutant est teste avec un temoin positif et n6gatif pour comparer les courbes de 
15 croissance realisees sur differents jours. 

3 - Inoculum : 

On preleve 1 dose de colonies bien isolees et on les dissocie dans 5 ml de RPMI (GIBCO : 
RPMI 1640 medium avec glutamaxl ; prealablement mis 5-10 min. h temperature ambiante 
20 avant ensemencement, pour preserver les bacteries des variations brusques de temperatures). 
L'amas de bacteries est repris k Taide d'une P1000, puis vortexe. La preculture est mise sous 
agitation a 37°C, pendant 2h. On mesure alors la DO a 600 nm (le t6moin blanc etant du 
RMPI) et on ramene Tinoculum a 0,1 dans du RPMI (prealablement mis durant 5-10 min. h 
temperature ambiante). 



2 - Serum : 



25 
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4 - Milieu de croissance : 
On depose 98 |il de serum et 292 \il de RPMI (25% serum, 75% RMPI) par puits. On laisse 5 
min. & temperature ambiante avant inoculation. 

5 Dans les puits eventuellement vides, on introduit 400 jil d'eau. 

5 - Inoculation : 

Apres agitation, on preleve 10 jil d'inoculum ajuste a 0,1 de DO, et on le depose dans un puits 
contenant du milieu de croissance, puis on melange k Taide d'une P1000. On place les puits 
10 dans une 6tuve a 37°C, sous 5% de CO2. On dose Tinoculum a TO et la croissance bacterienne 
a differents temps, en etalant 50|al de differentes dilutions sur des boTtes GCB. 

6 - Prflevements : 

On remet en suspension (avec une P1000) avant de prelever au temps Oh, lh, 5h post 
15 inoculation. On preleve 20 \A de milieu de culture inocule que Ton met dans 180 ^1 de RPMI 
(Dl; tube 1,5 ml, prealablement mis a temperature ambiante 10 min., avant de prelever, afin 
d'eviter un grande difference de temperature). L'ensemble est vortexe. 

7 - Dilutions : 

20 Le tube Dl est vortexe, puis on preleve 50 (il de Dl qu'on ajoute dans 450 ^1 de RPMI (D2 ; 
tude de 2ml, prealablement mis a temperature ambiante 10 min.). On vortexe entre chaque 
etape de dilution et on change de cone. On realise les dilutions jusqu'a la dilution D4 pour le 
temps TO, D3 pour le temps Tl, et D5 pour le temps T5. 

25 8 - Ensemencement : 

L'ensemencement se fait sur boite GCB pour les temoins, et GCB+ kanamycine 100jag/|il 
pour les mutants. On vortexe, puis on preleve 50 (il de chaque dilution. On incube a Tenvers 
dans une etuve a 37°C, sous 5% de CO2, pendant 14-1 8h, avant comptage des colonies. On 
ensemence D4, 3 pour le temps TO ; D0,1, 2, 3 pour le temps Tl ; D5,4,3,2,l pour le temps 

30 T5. 
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9 - Genes de Nm permettant^^oissance dans le serum : comptage des ^^ries survivantes 
dans le serum en fonction du temps 

Une courbe de croissance representant le nombre de bacteries survivantes dans le serum en 
fonction du temps a ete etablie pour chacun des clones (log l0 CFU en fonction du temps 
d'incubation en heures). 



Deux souches contrdles ont ete indues a chaque fois dans le test: la souche sauvage 
correspondant a une souche de Neisseria meningitidis, serogroupe C et une souche temoin 
correspondant a Neisseria meningitidis, serogroupe A depourvue de capsule. Pour chaque 
10 gene un seul mutant est represents. 

Les rSsultats sont donnes sur les figures 4 a 24, qui representent les courbes de croissance des 
mutants de la figure 3 dans le serum complement^ et le serum decomplemente. 



15 • Identification des adhesines pour cellules endotheliales . 



Les adhesines importantes pour l'interaction sur cellules endotheliales peuvent etre utilisees 
pour permettre l'ouverture de la barriere hemato-encephalique et faire passer des 
medicaments dans le cerveau. 

20 

Des cellules HUVEC a confluence sont ensemencees dans des microplaques de culture 
cellulaire a 24 puits h une densite de 10 5 /puits. Les cellules sont lavees le jour suivant dans du 
serum 10%/RPMI, et sont incubees 2h a 37°C. Simultanement, les bacteries sont remises en 
suspension dans le meme milieu a une DO550 de 0,1 a 0,01 et mises a incuber pendant 2h a 
25 37°C. La suspension de bacteries est utilisee pour infecter les cellules 30 min a 37°C. 

L'infection est ensuite poursuivie 4-5h avec les cellules lavees chaque heure. 

On mesure ensuite le pourcentage d'adhSsion de chaque mutant compare & la souche sauvage. 
30 On a deux types de mutants: des mutants lies, qui sont importants pour la piliation et des 
mutants non lids au pili. 

Les rdsultats sont donnSs dans les tableaux 1 et 2 ci-apres: 
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Le tableau 1 se rapporte a de^^^tants dans 4 genes: ces mutants sont j^^, mais defectifs 
dans Tadhesion(ils sont capables de franchir la barriere hemato-encephalique et sont utilises 
pour I'elaboration de vaccins). 



5 Tableau 1 



Gene (nomenclature Z2491) 


fonction 


adhesion % 


Nm 1110 


proteine conservee 


1 


Nm 1111 


proteine conservee 


25 


Nm 1372 


inosine-5'-monophosphate 
dehydrogene 


2 


Nm 1892 


proteine conservee 


5 



Le tableau 2 conceme des mutants non adhesifs defectifs dans la piliation. 



Tableau 2 



Gene 
nomenclature Z2491 


Fonction 


Piliation 


Nm264 


pilE, piline 




Nm650 


pilQ, pilus secretine 




Nm654 


pi/M, proteine d'assemblage du pilus 




Nmll06 


proteine conservee 


+/- 


Nmll07 


proteine membranaire 




Nmll08 


proteine membranaire 




Nmll09 


proteine membranaire 




Nml523 


lipoproteine 




Nm2155 


proteine ^assemblage du pilus 




Nm2156 


pilD, prepiline petidase 




Nm2159 


proteine d'assemblage du pilus 





10 

La figure 25 donne le nombre d'unites formant des colonies, en fonction du temps, avec une 
souche de Nm sauvage (WT), une souche pilD- et une souche Nmlll0\ Les resultats obtenus 
montrent que Nml 1 10 est n£cessaire pour Tadhesion. 
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1/ Proceed de detection exhaustif de genes de bacteries pathogenes, en particulier de Nm, 
exprimant un phenotype recherche, caracterise en ce qu f : 

- on utilise une banque de mutants generee & partir d'une souche bacterienne donnee de 
5 manidre a ce qu'au moins 70% des genes non essentiels, et notamment au moins 80%, voire 

plus de 90%, soient mutagenises par insertion d'un transposon dans une phase de lecture, 

- on met ensuite en contact les mutants, soit individuellement, soit en pools, avec un 
environnement, tel que milieu, animal ou cellules, capable d'interagir avec les bacteries 
mutantes exprimant le phenotype recherche, 

10 - on recupere, dans le cas de ['utilisation de pools, les bacteries n'ayant pas interagi avec le 
phenotype recherche, 

- on identifie les genes mutes de ces bacteries et on verifie leur implication dans ledit 
phenotype. 

15 21 Procede selon la revendication 1, caracterise en ce que, dans l'etape de mise en contact, on 
fait passer les mutants de la banque dans du serum. 

3/ Procede selon la revendication 1, caracterise en ce que, dans l'etape de mise en contact, on 
fait passer les mutants de la banque sur des cellules endothelials. 

20 

4/ Genes de Nm isoles, conferant h. une bacterie a la capacite de croitre ou d'interagir avec un 
environnement donne, tel que serum, modele animal in vivo, cellules, caracterises en ce qu'ils 
sont susceptibles d'etre obtenus par le procede selon Tune quelconque des revendications 1 a 
3. 

25 

5/ Genes de Nm selon la revendication 4, caracterises en ce qu'ils sont impliques dans la 
croissance des bacteries dans le serum et sont choisis parmi ceux de la figure 3. 

6/ Genes de Nm selon la revendication 5, caracterises en ce qu'ils choisis parmi les genes 
30 NmB 352, NmB 065, NmB 2076, NmB 638, NmB828, NmB 825 et NmB 790. 
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II Application des genes selectionnes selon Ie procede de la revendication 2, ou selon la 
revendication 5 ou 6, comme cibles d'antipathog^nicite, consistant a inhiber la croissance de 
Nm in vivo dans le serum. 

5 

8/ Application des genes selectionnes selon Ie procede de la revendication 3, ou selon la 
revendication 6 ou 7, pour le criblage et la fabrication de medicaments permettant l'ouverture 
de la barriere hemato-encephalique a des principes therapeutiques tels que les anti- 
Parkinsoniens, anti-Alzheimer, antimitotiques, anti-sclerose en plaque, antiviraux, 
10 antimycotiques et antibiotiques. 



91 Application des genes essentiels de Nm comme cibles pour developper des antibiotiques a 
large spectre contre des bact^ries a Gram negatif lorsque la proteine correspondante presente 
une homologie d'au moins 40%, voire 80% avec une proteine de E. coli. 

15 

10/ Genes de Nm selon la revendication 4, caracterises en ce qu'ils sont impliques dans 
Interaction avec les cellules endothdliales. 



11/ Genes de Nm selon la revendication 10, caracterises en ce qu'ils sont choisis parmi les 
20 genes des tableaux 1 et 2, specialement parmi NmA 1110, NmA 1111, NmA 1892, NmA 
1107, NmA 1108, NmA 1109, et NmA 1523. 

12/ Application des genes de Nm selon la revendication 11, en particulier de Nm 1110, pour 
Telaboration de vaccins. 

25 
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NMB0001 
NMB0002 
NMB0003 
NMB0004 
NMB0005 
NMB0Q06 
NMB0007 
NMB0008 
NMB0009 
NMB0010 
NMB0011 
NMB0012 
NMB0013 
NMB0014 
NMB0015 
NMB0017 
NMB0018 
NMB0027 
NMB0029 
NMB0030 
NMB0031 
NMB0032 
NMB0033 
NMB0034 
NMB0035 
NMB0036 
NMB0037 
NMB0038 
NMB0039 
NMB0040 
NMB0041 
NMB0042 
NMB0043 
NMB0044 
NMB0045 
NMB0047 
NMB0048 
NMBG050 
NMB0051 
NMB0052 
NMB0053 
NMB0054 
NMB0055 
NMB0056 
NMB0057 
NMB0059 
NMB0060 
NMB0062 
NMB0063 
NMB0064 
NMB0071 
NMB0072 
NMB0073 
NMB0074 
NMB0075 
NMB0077 
NMB0078 
NMB0079 
NMB0080 
NMB0081 



Common name 

putative acetyltransferase 
hypotheticalprotein 
glutamyl-tRNA synthetase 
EpiH/GdmH-related protein 
arsenate reductase 
thioredoxin-related protein 
cell division ATP-binding protein FtsE 
putative cell division protein FtsX 
BolA/YrbA family protein 
phosphoglycerate kinase 

UDP-N-acetylglucosamine 1 -carboxyvinyltransferase 
conserved hypothetical protein 
conserved hypothetical protein 
3-deoxy-D-manno-octulosonic-acid transferase 
6-phosphogluconate dehydrogenase, decarboxylating 
UDP-3-03-hydroxymyristoyl N-acetylglucosamine deacetylase 
pilin PilE 

FKBP-type peptidyl-prolyl cis-trans isomerase 
glycerate dehydrogenase 
methionyl-tRNA synthetase 

glucosamine--fructose-6-phosphate aminotransferase (isomerizing) 
hypothetical protein 

putative membrane-bound lytic murein transglycosylase A 
conserved hypothetical protein 
conserved hypothetical protein 
conserved hypothetical protein 
phnA protein 

UDP-N-acetylglucosamine pyrophosphorylase 
hypothetical protein 
putative hydrolase 

ABC transporter, periplasmic solute-binding protein 

conserved hypothetical protein 

conserved hypothetical protein 

peptide methionine sulfoxide reductase 

signal recognition particle protein 

conserved hypothetical protein 

conserved hypothetical protein (pseudogene) 

conserved hypothetical protein 

twitching motility protein 

twitching motility protein PilT 

conserved hypothetical protein 

hypothetical protein 

pyrroline-5-carboxylate reductase 

DnaK suppressor protein 

hypothetical protein 

dnaJ protein 

conserved hypothetical protein 
glucose-1 -phosphate thymidylyltransferase 
dTDP-D-glucose 4,6-dehydratase 
UDP-glucose 4-epimerase 

capsule polysaccharide export outer membrane protein CtrA 
capsule polysaccharide export inner-membrane protein CtrB 
capsule polysaccharide export inner-membrane protein CtrC 
capsule polysaccharide export ATP-binding protein CtrD 
putative transcriptional accessory protein Tex 
site-specific DNA methylase (truncation) 
UDP-glucose 4-epimerase (truncation) 
dTDP-D-glucose 4,6-dehydratase 
glucose-1 -phosphate thymidylyltransferase 
dTDP-4-keto-6-deoxy-D-glucose-3,6-epimerase 
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NMB0082 capsule polysaccharideTrJBdification protein LipA 

NMB0083 capsule polysaccharide modification protein LipB 

NMB0085 sodium/glutamate symporter 

NMB0086 hypothetical protein 

NMB0087 hypothetical protein 

NMB0088 putative outer membrane protein P1 

NMBG089 pyruvate kinase II 
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NMB0102 hypothetical protein 

NN/IB0103 putative bacteriocin resistance protein 

NMB0104 hypothetical protein 

NMB0105 PhnO-related protein 

NMB0106 aspartate carbamoyltransferase, catalytic subunit 

NMB0107 aspartate carbamoyltransferase, regulatory subunit 

NMB0108 hypothetical protein 

NMB0109 conserved hypothetical protein 

NMB01 1 0 polypeptide deformylase 

NMB01 1 1 methionyl-tRNA formy transferase 

NMB01 12 16S RNA methyltransferase 

NMB01 13 hypothetical protein 

NMB0114 putative nitrogen regulation protein NtrY 

NMB01 1 5 nitrogen assimilation regulatory protein NtrX 

NMB01 1 6 DNA processing chain A 

NMB01 17 putative smg protein 

NMB0118 DNA topoisomerase I 

NMB0119 hypothetical protein 

NMB0120 hypothetical protein 

NMB0121 conserved hypothetical protein 

NMB0122 conserved hypothetical protein 

NMB0123 ferredoxin, 4Fe-4S bacterial type 

NMB0124 translation elongation factor Tu 

NMB0125 preprotein translocase SecE subunit 

NMB0126 transcription antitermination protein NusG 

NMB0127 50S ribosomal protein L1 1 

NMB0128 50S ribosomal protein L1 

NMB0130 SOS ribosomal protein L10 

IMMB0131 SOS ribosomal protein L7/L12 

NMB0132 DNA-directed RNA polymerase, beta subunit 

NMB0133 DNA-directed RNA polymerase, beta subunit 

NMB0134 hypothetical protein 

NMB0135 conserved hypothetical protein 

NMB0136 30S ribosomal protein S12 

NMB0137 30S ribosomal protein S7 

NMB0138 elongation factor G (EF-G) 

NMB0139 translation elongation factor Tu 

NMB0140 30S ribosomal protein S10 

NMB0142 50S ribosomal protein L3 

NMB0143 SOS ribosomal protein L4 

NMB0144 SOS ribosomal protein L23 

NMB0145 50S ribosomal protein L2 

NMB0146 30S ribosomal protein S19 

NMB0147 SOS ribosomal protein L22 

NMB0148 30S ribosomal protein S3 

NMB0149 SOS ribosomal protein L1 6 

NMB0150 SOS ribosomal protein L29 

NMB0151 30S ribosomal protein S17 

NMB0152 SOS ribosomal protein L14 

NMB0153 SOS ribosomal protein L24 

NMB0154 50S ribosomal protein L5 

NMB01 55 30S ribosomal protein S1 4 

NMB0156 30S ribosomal protein S8 

NMB0157 50S ribosomal protein L6 
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NMB01 58 50S ribosomal protein Li 

NMB0159 30s ribosomal protein S5 

NMB0160 SOS ribosomal protein L30 

NMB0161 50S ribosomal protein L15 

NMB0162 preprotein translocase SecY subunit 

NMB01 63 translation initiation factor IF-1 

NMB0164 50S ribosomal protein L36 

NMB0165 30S ribosomal protein S13 

NMB0166 30S ribosomal protein S1 1 

NMB0167 30S ribosomal protein S4 

NMB0168 DNA-directed RNA polymerase, alpha subunit 

NMB0169 50S ribosomal protein L17 

NMB0170 septum site-determining protein MinC 

NMB0171 septum site-determining protein MinD 

NMB0172 cell division topological specificity factor 

NMB0173 transcriptional regulator, LysR family 

NMB0174 valyl-tRNA synthetase 

NMB0175 conserved hypothetical protein 

NMB0176 D-amino acid dehydrogenase, small subunit 

NMB0177 putative sodium/alanine symporter 

NMB01 78 acyl-(acyl-carrier-protein)--UDP-N-acetylglucosamine O-acyltransf erase 

NMB01 79 (3R)-hydroxymyristoyl-(acyl carrier protein) dehydratase 

NMB01 80 UDP-3-0«(3-hydroxymyristoyl)-g!ucosamine N-acyltransferase 

NMB01 81 putative outer membrane protein OmpH 

NMB01 82 outer membrane protein Omp85 

NMB0183 conserved hypothetical protein 

NMB01 84 1 -deoxy-D-xylulose 5-phosphate reductoisomerase 

NMB0185 phosphatidate cytidylyltransferase 

NMB0186 undecaprenyl pyrophosphate synthetase 

NMB0187 ribosome recycling factor 

NMB0188 conserved hypothetical protein 

NMB0189 hypothetical protein 

NMB0190 glucose inhibited division protein B 

NMB01 91 ParA family protein 

NMB01 92 ribonuclease HII 

NMB0193 glucose inhibited division protein A 

NMB01 94 putative amino acid symporter 

NMB0195 pyridoxal phosphate biosynthetic protein PdxA 

NMB01 96 ribonuclease E 

NMB0198 ribosomal large subunit pseudouridine synthase C 

NMBQ199 lipid-A-disaccharide synthase 
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NMB0201 hypothetical protein 

NMB0203 dihydrodipicolinate reductase 

NMB0204 putative lipoprotein 

NMB0205 ferric uptake regulation protein 

NMB0206 leucyl/phenylalanyl-tRNA-protein transferase 

NMB0207 glyceratdehyde 3-phosphate dehydrogenase 

NMB0208 ferredoxin, 4Fe-4S bacterial type 

NMB0209 glutathione-regulated potassium-efflux system protein 

NMB021 1 L-serine dehydratase 

NMB0212 DNA gyrase subunit B 

NMB0213 hypothetical protein 

NMB021 4 oligopeptidase A 

NMB0215 conserved hypothetical protein 

NMB0216 catalase 

NMB0217 putative RNA polymerase sigma-54 factor RpoN 

NMB021 8 glycosyltransferase 

NMB0219 3-oxoacyl-(acyl-carrier-protein) synthase II 

NMB0220 acyl carrier protein 

NMB0221 dihydroorotate dehydrogenase 

NMB0222 hypothetical protein 
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NMB0224 
NMB0226 
NMB0227 
NMB0228 
NMB0229 
NMB0230 
NMB0232 
NMB0234 
NMB0235 
NMB0236 
NMB0237 
NMB0239 
NMB0240 
NMB0241 
NMB0242 
NMB0243 
NMB0244 
NMB0245 
NMB0246 
NM80247 
NMB0248 
NMB0249 
NMB0250 
NMB0251 
NMB0252 
NMB0253 
NM80254 
NMB0255 
NMB0256 
NMB0257 
NMB0258 
NMB0259 
NMB0261 
NMB0262 
NMB0263 
NMB0264 
NMB0265 
NMB0266 
NMB0267 
NMB0268 
NMB0269 
NMB0270 
NMB0271 
NMB0273 
NMB0274 
NMB0275 
NMB0276 
NMB0277 
NMB0278 
NMB0279 
NMB0280 
NMB0281 
NMB0282 
NMB0283 
NMB0284 
NMB0286 
NMB0287 
NMB0290 
NMB0291 
NMB0292 
NMB0293 



glutamate-ammonia-liga^^denylyltransferase 
conserved hypothetical protein 
conserved hypothetical protein 
conserved hypothetical protein 
conserved hypothetical protein (pseudogene) 
conserved hypothetical protein 
DNA helicase II 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
NADH dehydrogenase I, A subunit 
NADH dehydrogenase I, B subunit 
NADH dehydrogenase I, C subunit 
NADH dehydrogenase 1, D subunit 
NADH dehydrogenase l t E subunit 
NADH dehydrogenase I, F subunit 
hypothetical protein 
conserved hypothetical protein 
NADH dehydrogenase I, G subunit 
NADH dehydrogenase l t H subunit 
NADH dehydrogenase I, I subunit 
hypothetical protein 
NADH dehydrogenase I, J subunit 
NADH dehydrogenase I, K subunit 
cell fiiamentation protein Fic-related protein 
hypothetical protein 
NADH dehydrogenase I, L subunit 
NADH dehydrogenase I, M subunit 
NADH dehydrogenase I, N subunit 
geranyltranstransferase 
exodeoxyribonuclease, small subunit 
conserved hypothetical protein 
ABC transporter, ATP-binding protein 
Holliday junction DNA helicase RuvA 
conserved hypothetical protein 
conserved hypothetical protein 
RNA methyltransferase, TrmH family 
competence protein 
putative bioH protein 
hypothetical protein 
hypothetical protein 
ATP-dependent DNA helicase RecQ 
indole-3-glycerol phosphate synthase 
conserved hypothetical protein 
virulence factor MviN 
thiol:disulfide interchange protein DsbA 
conserved hypothetical protein 
putative organic solvent tolerance protein 
peptidyl-prolyl cis-trans isomerase 
ribonuclease ll-related protein 
conserved hypothetical protein 
adenylosuccinate lyase 
conserved hypothetical protein 
probable ATP-dependent helicase DinG 
putative transcriptional regulator 
conserved hypothetical protein 
conserved hypothetical protein 
putative TonB-dependent receptor 
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NMB0294 thiol:disulfide interchangS^rotein DsbA 

NMB0295 signal recognition particle protein 

NMB0296 CcsA-related protein 

NMB0297 hypothetical protein 

NMBQ299 comEA-related protein 
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NMB0301 hypothetical protein 

NMB0304 class 5 outer membrane protein (degenerate) 

NMB0307 phospho-2-dehydro-3-deoxyheptonate aldolase 

NMB0308 dihydrofolate reductase 

NMB0309 conserved hypothetical protein 

NMB0310 conserved hypothetical protein 

NMB031 1 hypothetical protein 

NMB0313 conserved hypothetical protein 

NMB0314 hypothetical protein 

NMB0315 conserved hypothetical protein 

NMB0316 conserved hypothetical protein 

NMB0317 conserved hypothetical protein 

NMB0318 fatty acid efflux system protein 

NMB0319 fatty acid efflux system protein 

NMB0321 SOS ribosomal protein L28 

NMB0322 50S ribosomal protein L33 

NMB0323 UbiH family protein 

NMB0324 50S ribosomal protein L27 

NMB0325 SOS ribosomal protein L21 

NMB0327 conserved hypothetical protein (pseudogene) 

NMB0329 type IV pilus assembly protein 

NMB0330 conserved hypothetical protein 

NMB0331 putative kinase (pseudogene) 

NMB0332 type IV prepilin peptidase 

NMB0334 glucose-6-phosphate isomerase 

NMB0335 2,3,4,5-tetrahydropyridine-2-carboxylate N-succinyltransferase 

NMB0336 enoyl-(acyl-carrier-protein) reductase 

NMB0337 putative branched-chain amino acid aminotransferase 

NMB0338 hypothetical protein 

NMB0339 conserved hypothetical protein 

NMB0340 lactoyigiutathione lyase 

NMB0341 tspA protein 

NMB0342 intracellular septation protein A 

NMB0343 conserved hypothetical protein 

NMB0344 BolA/YrbA family protein 

NMB0345 cell-binding factor, putative 

NMB0346 hypothetical protein 

NMB0347 conserved hypothetical protein 

NMB0348 conserved hypothetical protein 

NMB0349 glutamyl-tRNA synthetase-related protein 

NMB0350 hypothetical protein 

NMB0351 transaldolase 

NMB0352 sugar isomerase, KpsF/GutQ family 

NMB0353 conserved hypothetical protein 

NMB03S4 hypothetical protein 

NMB0355 conserved hypothetical protein 

NMB0356 ABC transporter, ATP-binding protein 

NMB0357 monofunctional biosynthetic peptidoglycan transglycosylase 

NMB0358 shikimate 5-dehydrogenase 

NMB0359 glutamate-ammonia tigase 

NMB0360 AmpG-related protein 

NMB0361 conserved hypothetical protein 

NMB0364 FrpC operon protein 

NMB0365 iron-regulated protein FrpC (truncation) 

NMB0366 hypothetical protein 

NMB0367 hypothetical protein 
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NMB0368 hypothetical protein 

NMB0369 hypothetical protein 

NMB0370 hypothetical protein 

NMB0371 hypothetical protein 

NMB0372 hypothetical protein 

NMB0374 MafB-related protein 

NMB0375 mafA protein 

NMB0377 conserved hypothetical protein 

NMB0378 putative phosphate permease 

NMB0379 oxygen-independent coproporphyrinogen III oxidase 

NMB0380 transcriptional regulator, Crp/Fnr family 

NMB0381 cys regulon transcriptional activator 

NMB0382 outer membrane protein class 4 

NMB0385 thiamin-monophosphate kinase 

NMB0386 phosphatidylglycerophosphatase A 

NMB0387 ABC transporter, ATP-binding protein 

NMB0388 putative sugar transporter 

NMB0389 aldose 1-epimerase 

NMB0390 maltose phosphorylase 

NMB0391 beta-phosphoglucomutase 

NMB0392 l-aspartate oxidase 

NMB0393 multidrug resistance protein 

NMB0394 quinolinate synthetase A 

NMB0395 conserved hypothetical protein 

NMB0396 nicotinate-nucleotide pyrophosphorylase 

NMB0398 transcriptional regulator, ArsR family 

NMB0399 exodeoxyribonuclease III 
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NMB0401 proline dehydrogenase 

NMB0402 sodium/proline symporter 

NMB0404 conserved hypothetical protein 

NMB0405 competence protein ComM 

NMB0406 conserved hypothetical protein 

NMB0407 thiohdisulfide interchange protein DsbA 

NMB0408 bacitracin resistance protein 

NMB0409 conserved hypothetical protein 

NMB0410 conserved hypothetical protein 

NMB0411 conserved hypothetical protein 

NMB0412 cell division protein FtsL-related protein 

NMB0413 penicillin-binding protein 2 

NMB0414 UDP-N-acetylmuramoylalanyl-D-glutamate-2,6-diaminopimelate ligase 

NMB0416 UDP-N-acetylmuramoylalanyl-D-glutamyl-2,6-diaminopimelate--D-alanyl-D-al 

NMB0417 hypothetical protein 

NMB0418 phospho-N-acetylmuramoyl-pentapeptide-transferase 

NMB0419 conserved hypothetical protein 

NMB0420 UDP-N-acetylmuramoy!alanine-D-glutamate ligase 

NMB0421 cell division protein FtsW 

NMB0422 UDP-N-acetylglucosamine-N-acetylmuramyl-(pentapeptide) pyrophosphoryl 

NMB0423 UDP-N-acetylmuramate-alanine ligase 

NMB0424 D-a!anine-D-alanine ligase 

NMB0425 cell division protein FtsQ 

NMB0426 cell division protein FtsA 

NMB0427 cell division protein FtsZ 

NMB0428 conserved hypothetical protein 

NMB0430 putative carboxyphosphonoenolpyruvate phosphonomutase 

NMB0431 methylcitrate synthase/citrate synthase 2 

NMB0432 conserved hypothetical protein 

NMB0433 aconitate hydratase 1 

NMB0434 conserved hypothetical protein 

NMB0435 acetate kinase 

NMB0436 conserved hypothetical protein 

NMB0437 conserved hypothetical protein 
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NMB0438 hypothetical protein 

NMB0439 conserved hypothetical protein 

NMB0440 prephenate dehydrogenase, putative 

NMB0441 nitrilase 

NMB0444 conserved hypothetical protein 

NMB0445 bicyclbmycin resistance protein, putative 

NMB0446 chorismate mutase/prephenate dehydratase 

NMB0447 DNA repair protein.Recb 

NMB0448 pyridoxal phosphate biosynthetic protein PdxJ 

NMB0449 hypothetical protein 

NMB0450 hypothetical protein 

NMB0451 hypothetical protein 

NMB0452 holo-(acyl-carrier protein) synthase 

NMB0453 mutT protein 

NMB0454 hypothetical protein 

NMB0455 conserved hypothetical protein 

NMB0456 N-acetylmuramoyl-L-alanine amidase 

NMB0457 conserved hypothetical protein 

NMB0458 glutamate racemase 

NMB0459 conserved hypothetical protein 

NMB0460 transferrin-binding protein 2 

NMB0462 spermidine/putrescine ABC transporter, periplasmic spermidine/putrescine-bi 

NMB0463 30S ribosomal protein S20 

NMB0464 putative phospholipase A1 

NMB0465 conserved hypothetical protein 

NMB0466 aspartyl-tRNA synthetase 

NMB0467 hypothetical protein 

NMB0468 biosynthetic arginine decarboxylase 

NMB0469 agmatinase 

NMB0470 C4-dicarboxylate transporter 

NMB0471 conserved hypothetical protein 

NMB0472 8-amino-7-oxononanoate synthase 

NMB0473 conserved hypothetical protein 

NMB0474 putative biotin synthesis protein BioC 

NMB0475 hypothetical protein 

NMB0476 hypothetical protein 

NMB0477 conserved hypothetical protein 

NMB0478 hypothetical protein 

NMB0479 conserved hypothetical protein 

NMB0480 TspB-related protein 

NMB0481 hypothetical protein 

NMB0482 hypothetical protein 

NMB0483 hypothetical protein 

NMB0484 hypothetical protein 

NMB0485 hypothetical protein 

NMB0494 DNA helicase (truncation) 

NMB0496 hemolysin activator-related protein 

NMB0497 hemagglutinin/hemolysin-related protein 

NMB 0499 hypothetical protein 
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NMB0502 
NMB0503 
NMB0506 
NMB0507 
NMB0508 
NMB0509 
NMB0510 
NMB0511 
NMB0514 
NMB0515 
NMB0516 
NMB0520 



hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
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NMB0521 

NMB0524 

NMB0525 

NMB0527 

NMB0528 

NMB0529 

NMB0530 

NMB0531 

NMB0532 

NMB0533 

NMB0534 

NMB0535 

NMB0536 

NMB0537 

NMB0538 

NMB0539 

NMB0540 

NMB0541 

NMB0542 

NMB0543 

NMB0544 

NMB0545 

NMB0546 

NMB0547 

NMB0548 

NMB0549 

NMB0550 

NMB0551 

NMB0552 

NMB0554 

NMB0555 

NMB0556 

NMB0557 

NMB0558 

NMB0559 

NMB0560 

NMB0561 

NMB0562 

NMB0563 

NMB0564 

NMB0565 

NMB0566 

NMB0567 

NMB0566 

NMB0569 

NMB0570 

NMB0571 

NMB0572 

NMB0573 

NMB0574 

NMB0575 

NMB0576 

NMB0577 

NMB0578 

NMB0579 

NMB0580 

NMB0581 

NMB0582 

NMB0584 

NMB0585 

NMB0586 



hypothetical protein 
putative ribonuclease BN 
putative aluminum resistance protein 
putative 6-pyruvoyl tetrahydrobiopterin synthase 
conserved hypothetical protein 
conserved hypothetical protein 
glycosyl hydrolase, family 3 
conserved hypothetical protein 
protease DO (pseudogene) 
endonuclease III 
conserved hypothetical protein 
glucose/galactose transporter 
Na+/H+ antiporter 
conserved hypothetical protein 
conserved hypothetical protein 
porphobilinogen deaminase 
aspartate aminotransferase 
hypothetical protein 
hypothetical protein 
putative L-lactate permease 
conserved hypothetical protein 
conserved hypothetical protein 
alcohol dehydrogenase, propanol-prefenring 
type IV pilin protein 
AcrA/AcrE family protein 
ABC transporter, ATP-binding protein 
thiol :disuifide interchange protein DsbC 
primosomal protein n 
hypothetical protein 
dnaK protein 
hypothetical protein 
putative repressor protein 
conserved hypothetical protein 
hypothetical protein 
ubiquinone biosynthesis protein AarF 
serine acetyltransferase 
grpE protein 

conserved hypothetical protein 

thiamine biosynthesis lipoprotein ApbE 

Na(+)-translocating NADH-quinone reductase, subunit F 

Na(+)-trans1ocating NADH-quinone reductase, subunit E 

Na(+)-translocating NADH-quinone reductase, subunit D 

Na(+)-translocating NADH-quinone reductase, subunit C 

Na(+)-translocating NADH-quinone reductase, subunit B 

Na(+)-translocating NADH-quinone reductase, subunit A 

hypothetical protein 

conserved hypothetical protein 

hypothetical protein 

transcriptional regulator, AsnC family 

glycine cleavage system T protein 

glycine cleavage system H protein 

glutamyl-tRNA reductase 

NosR-related protein 

copper ABC transporter, periplasmic copper-binding protein 

copper ABC transporter, ATP-binding protein 

protein disulfide isomerase NosL, putative 

electron transfer flavoprotein-ubiquinone oxidoreductase 

putative bacteriocin resistance protein 

FrpC operon protein 

putative iron-regulated protein FrpA 

putative adhesin 
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NMB0587 membrane protein 

NMB0588 ABC transporter, ATP-binding protein 

NMB0589 50s ribosomal protein L19 

NMB0590 tRNA (guanine-N 1 )-methyltransferase 

NMB0591 16S rRNA processing protein RimM 

NMB0592 30S ribosomal protein S16 

NMB0593 conserved hypothetical protein 

NMB0594 sensor histidine kinase 

NMB0595 DNA-binding response regulator 

NMB0596 hypothetical protein 

NMB0597 hypothetical protein 

NMB0598 Maf/YceF/YhdE family protein 

NMB0599 conserved hypothetical protein 
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NMB0600 hypothetical protein 

NMB0601 conserved hypothetical protein (authentic point mutatiori) 

NMB0602 hitA protein 

NMB0603 phosphoribosyl-ATP cyclohydrolase 

NMB0604 alcohol dehydrogenase, zinc-containing 

NMB0605 histone deacetylase family protein 

NMB0606 conserved hypothetical protein 

NMB0607 protein-export membrane protein SecD 

NMB0608 protein-export membrane protein SecF 

NMB0609 30s ribosomal protein S1 5 

NMB0610 spermidine/putrescine ABC transporter, ATP-binding protein 

NMB061 1 spermidine/putrescine ABC transporter, permease protein 

NMB0612 spermidine/putrescine ABC transporter, permease protein 

NMB0614 putative oxidoreductase 

NMB061 5 putative ammonium transporter AmtB 

NMB0617 transcription termination factor Rho 

NMB0618 phosphoenoipyruvate synthase 

NMB0619 conserved hypothetical protein 

NMB0620 phosphogiycolate phosphatase 

NMB0621 conserved hypothetical protein 

NMB0622 outer membrane lipoprotein carrier protein 

NMB0623 spermidine/putrescine ABC transporter, periplasmic spermidine/putrescine-bi 

NMB0625 conserved hypothetical protein 

NMB0626 peptide chain release factor 3 

NMB0627 phosphoribosyl-AMP cyclohydrolase 

NMB0628 hisF protein 

NMB0629 phosphoribosylformimino-5-aminoimidazoIe carboxamide ribotide isomerase 

NMB0630 amidotransferase HisH 

NMB0631 putative phosphate acetyltransferase Pta 

NMB0632 iron(lll) ABC transporter, ATP-binding protein (pseudogene) 

NMB0633 iron(IH) ABC transporter, permease protein 

NMB0634 iron(lll) ABC transporter, periplasmic binding protein 

NMB0636 hypothetical protein 

NMB0637 argininosuccinate lyase 

NMB0638 UTP-glucose-1 -phosphate uridylyltransferase 

NMB0639 conserved hypothetical protein 

NMB0640 hypothetical protein 

NMB0641 inorganic pyrophosphatase 

NMB0642 dATP pyrophosphohydrolase 

NMB0643 MafB-reiated protein 

NMB0649 hypothetical protein 

NMB0650 hypothetical protein 

NMB0651 hypothetical protein 

NMB0652 mafA protein 

NMB0653 MafB-related protein 

NMB0655 hypothetical protein 

NMB0656 hypothetical protein 

NMB0659 hypothetical protein 
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NMB0660 hypothetical protein 

NMB0661 bis(5-nucleosyl)-tetraphosphatase, symmetrical/Trk system potassium uptake 

NMB0662 putative ribonuclease. 

NMB0663 outer membrane protein NsgA 

NMB0665 oxygen-independent coprophorphyrinogen III oxidase family protein 

NMB0666 DNAIigase 

NMB0667 hypothetical protein 

NMB0668 ampD protein 

NMB0669 conserved hypothetical protein 

NMB0670 thymidylate kinase 

NMB0671 malate oxidoreductase (NAD) 

NMB0672 tetraacyldisaccharide 4-kinase 

NMB0673 hypothetical protein 

NMB0674 conserved hypothetical protein 

NMB0675 3-deoxy-D-manno-octulosonate cytidylyltransferase 

NMB0676 hypothetical protein 

NMB0677 hypothetical protein 

NMB0678 tryptophan synthase, alpha subunit 

NMB0679 acetyl-CoA carboxylase, carboxyl transferase beta subunit 

NMB0680 cryptic protein 

NMB0681 conserved hypothetical protein 

NMB0682 dihydroorotase 

NMB0683 N utilization substance protein B 

NMB0684 riboflavin synthase, beta subunit 

NMB0685 hypothetical protein 

NMB0686 ribonuclease III 

NMB0687 GTP-binding protein Era 

NMB0688 N-(5-phosphoribosyl)anthranilate isomerase 

NMB0689 transcription elongation factor GreB 

NMB0690 amidophosphoribosyitransferase 

NMB0691 putative colicin V production protein 

NMB0692 tpc protein 

NMB0693 folylpolyglutamate synthase/dihydrofolate synthase 

NMB0694 foil protein 

NMB0695 hypothetical protein 

NMB0696 amino acid ABC transporter, ATP-binding protein 

NMB0697 dimethyladenosine transferase 

NMB0698 hypothetical protein 

NMB0699 tryptophan synthase, beta subunit 
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NMB0700 IgA-specific serine endopeptidase 

NMB0702 competence protein ComA 

NMB0703 competence lipoprotein ComL 

NMB0704 ribosomal large subunit pseudouridine synthase D 

NMB0705 transporter 

NMB0706 conserved hypothetical protein 

NMB0707 putative rare lipoprotein B 

NMB0708 DNA polymerase III, delta subunit 

NMB0709 hypothetical protein 

NMB0710 hypothetical protein 

NMB071 1 conserved hypothetical protein 

NMB0712 RNA polymerase sigma-32 factor 

NMB0713 putative apolipoprotein N-acyltransferase 

NMB0714 conserved hypothetical protein 

NMB0717 cytochrome, putative 

NMB0718 ferrochelatase 

NMB071 9 queuine tRNA-ribosyltransferase 

NMB0720 threonyl-tRNA synthetase 

NMB0721 translation initiation factor 3 

NMB0722 50S ribosomal protein L35 

NMB0723 50S ribosomal protein L20 

NMB0724 phenylalanyl-tRNA synthetase, alpha chain 
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NMB0728 
NMB0729 
NMB0730 
NMB0731 
NMB0732 
NMB0733 
NMB0734 
NMB0735 
NMB0736 
NMB0737 
NMB0738 
NMB0739 
NMB0740 
NMB0741 
NMB0742 
NMB0743 
NMB0744 
NMB0745 
NMB0746 
NMB0747 
NMB0748 
NMB0749 
NMB0750 
NMB0751 
NMB0752 
NMB0753 
NMB0756 
NMB0757 
NMB0758 
NMB0759 
NMB0760 
NMB0763 
NMB0764 
NMB0765 
NMB0766 
NMB0767 
NMB0768 
NMB0769 
NMB0770 
NMB0771 
NMB0772 
NMB0773 
NMB0774 
NMB0775 
NMB0776 
NMB0777 
NMB0778 
NMB0779 
NMB0781 
NMB0782 
NMB0783 
NMB0784 
NMB0785 
NMB0786 
NMB0787 
NMB0788 
NMB0789 
NMB0790 
NMB0791 
NMB0792 
NMB0795 



phenylalanyl-tRNA synthetase, beta chain 
integration host factor, alpha subunit 
hypothetical protein 
hypothetical protein 

adenosyImethionine-8-amino-7-oxononanoate aminotransferase 
dethiobiotin synthase 
hypothetical protein 

4- hydroxybenzoate octaprenyltransferase 
PTS system, nitrogen regulatory II A protein 
putative HPr kinase/phosphatase 
conserved hypothetical protein 
conserved hypothetical protein 

DNA repair protein RecN 
conserved hypothetical protein 
conserved hypothetical protein 

ubiquinone/menaquinone biosynthesis methlytransf erase UbiE 
hypothetical protein 

2-amino-4-hydroxy-6-hydroxymethyldihydropteridine-pyrophosphokinase 
conserved hypothetical protein 
conserved hypothetical protein 
host factor-l 

penicillin-binding protein 4 

bacterioferritin comigratory protein 

integrase/recombinase XerD 

putative bacterioferritin-associated ferredoxin 

conserved hypothetical protein 

putative dTDP-L-rhamnose synthase 

phosphoribosylaminoimidazole-succinocarboxamide synthase 

polyribonucleotide nucleotidyltransferase 

conserved hypothetical protein 

diaminopimelate epimerase 

cysteine synthase 

conserved hypothetical protein 

signal peptidase I 

GTP-binding protein LepA 

5- methylthioadenosine nucleosidase/S-adenosylhomocysteine nucleosidase 
twitching motility protein PilT 

putative DNA polymerase III, delta prime subunit 

putative type IV pilus assembly protein PilZ 

conserved hypothetical protein 

conserved hypothetical protein 

conserved hypothetical protein 

uracil phosphoribosyltransf erase 

hypothetical protein 

conserved hypothetical protein 

putative uroporphyrinogen-lll synthase HemD 

putative uroporphyrin-lll C-methyltransferase HemX 

hypothetical protein 

uroporphyrinogen decarboxylase 

DNA repair protein RadA 

conserved hypothetical protein 

putative phage shock protein E precursor 

exodeoxyribonuclease V 135 KD polypeptide 

conserved hypothetical protein 

amino acid ABC transporter, periplasmic amino acid-binding protein 

amino acid ABC transporter, permease protein 

amino acid ABC transporter, ATP-binding protein 

phosphoglucomutase 

peptidyl-prolyl cis-trans isomerase 

transporter, NadC family 

peptidyl-tRNA hydrolase 
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NMB0796 conserved hypothetical pWJein 

NMB0797 conserved hypothetical protein 

NM80798 cell division protein FtsH 

NMB0799 cell division protein FtsJ 
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NMB0800 conserved hypothetical protein 

NMB0801 delta-aminolevulinic acid dehydratase 

NMB0802 cystathionine gamma-synthase 

NMB0803 conserved hypothetical protein 

NMB0804 NAD(P)H nitroreductase, putative 

NMB0806 conserved hypothetical protein 

NMB0807 conserved hypothetical protein 

NMB0808 hypothetical protein 

NMB0809 conserved hypothetical protein 

NMB0810 transcriptional regulator, TetR family 

NMB081 1 UDP-N-acetylpyruvoylglucosamine reductase 

NMB0812 conserved hypothetical protein 

NMB081 4 histidyl-tRN A synthetase 

NMB081 5 adenylosuccinate synthetase 

NMB0816 hypothetical protein 

NMB081 7 hypothetical protein 

NMB0818 hypothetical protein 

NMB0819 hypothetical protein 

NMB0820 hypothetical protein 

NMB0821 hypothetical protein 

NMB0822 heat shock protein HtpX 

NMB0823 adenylate kinase 

NMB0824 orotidine 5*-phosphate decarboxylase 

NMB0825 putative ADP-heptose synthase 

NMB0826 C-5 cytosine-specific DNA methylase 

NMB0827 type II restriction enzyme-related protein (pseudogene) 

NMB0828 ADP-L-glycero-D-mannoheptose-6-epimerase 

NMB0829 type I restriction enzyme EcoR124II M protein 

NMB0830 conserved hypothetical protein 

NMB0836 ATP-dependent Clp protease, ATP-binding subunit ClpA 

NMB0837 conserved hypothetical protein 

NMB0838 cold-shock domain family protein 

NMB0839 pmbA protein 

NMB0840 conserved hypothetical protein 

NMB0841 hypothetical protein 

NMB0842 single-stranded-DNA-specific exonuclease RecJ 

NMB0843 poiyA polymerase 

NMB0844 hypothetical protein 

NMB0845 PhoH-related protein 

NMB0846 LPS biosynthesis protein-related protein 

NMB0848 hypothetical protein 

NMB0849 putative deoxycytidine triphosphate deaminase 

NMB0850 hypothetical protein 

NMB0851 recombination associated protein RdgC 

NMB0852 essential GTPase 

NMB0853 conserved hypothetical protein 

NMB0854 histidyl-tRNA synthetase 

NMB0855 putative bacteriocin resistance protein 

NMB0856 hypothetical protein 

NMB0857 hypothetical protein 

NMB0858 hypothetical protein 

NMB0859 hypothetical protein 

NMB0860 hypothetical protein 

NMB0861 hypothetical protein 

NMB0863 hypothetical protein 

NMB0865 hypothetical protein 

NMB0866 hypothetical protein 
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NMB0867 YabO/YceC/SfhB family^!f6tein 

NMB0868 conserved hypothetical protein 

NMB0869 hypothetical protein 

NMB0870 3-methyl-2-oxobutanoate hydroxymethyltransferase 

NMB0871 pantoate-beta-alanine ligase 

NMB0872 conserved. hypothetical protein 

NMB0873 outer membrane lipoprotein LolB, putative 

NMB0874 conserved hypothetical protein 

NMB0875 ribose-phosphate pyrophosphokinase 

NMB0876 SOS ribosomal protein L25 

NMB0877 penicillin-binding protein 

NMB0878 threonine dehydratase 

NMB0879 sulfate ABC transporter, ATP-binding protein 

NMB0880 sulfate ABC transporter, permease protein 

NMB0881 sulfate ABC transporter, permease protein 

NMB0882 hypothetical protein 

NMB0883 conserved hypothetical protein 

NMB0884 superoxide dismutase 

NMB0885 replicative DNA helicase 

NMB0886 fimbrial protein FimT 

NMB0iB87 putative type IV pilus assembly protein PilV 

NMB0888 hypothetical protein 

NMB0889 hypothetical protein 

NMB0890 type IV pilin-related protein 

NMB0892 AzIC-related protein 

NMB0893 deoxyuridine 5-triphosphate nucleotidohydrolase 

NMB0894 aminotransferase, class I 

NMB0895 conserved hypothetical protein 
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NMB0920 isocitrate dehydrogenase 

NMB0922 alpha-2,3-sia!yltransferase 

NMB0924 oxidoreductase, short-chain dehydrogenase/reductase family 

NMB0925 acyl CoA thioester hydrolase family protein 

NMB0927 proline iminopeptidase 

NMB0928 hypothetical protein 

NMB0929 dihydrodipicolinate synthase 

NMB0930 xanthine/uracil permease family protein 

NMB0931 RNA methyltransferase, TrmH family 

NMB0932 conserved hypothetical protein 

NMB0933 cytidine and deoxycytidylate deaminase family protein 

NMB0935 tRNA delta(2)-isopentenylpyrophosphate transferase 

NMB0937 elongation factor P (EF-P) 

NMB0938 hypothetical protein 

NMB0939 conserved hypothetical protein 

NMB0940 homoserine O-acetyltransferase 

NMB0941 SOS ribosomal protein L36 

NMB0942 putative SOS ribosomal protein L31 

NMB0943 5,10-methylenetetrahydrofolate reductase 

NMB0944 5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase 

NMB0946 peroxiredoxin 2 family protein/glutaredoxin 

NMB0947 putative lipoamide dehydrogenase 

NMB0948 succinate dehydrogenase, cytochrome b556 subunit 

NMB0949 succinate dehydrogenase, hydrophobic membrane anchor protein 

NMB0950 succinate dehydrogenase, flavoprotein subunit 

NMB0951 succinate dehydrogenase, iron-sulfur protein 

NMB0952 conserved hypothetical protein 

NMB0954 citrate synthase 

NMB0955 2-oxoglutarate dehydrogenase, E1 component 
NMB0956 

NMB0957 2-oxoglutarate dehydrogenase, E3 component, lipoamide dehydrogenase 

NMB0958 hypothetical protein 

NMB0959 succinyl-CoA synthetase, beta subunit. 
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NMB0960 succinyl-CoA synthetas^P^ha subunit 

NMB0962 excinuclease ABC, subunit A 

NMB0963 phosphatidylserine decarboxylase precursor-related protein 

NMB0964 TonB-dependent receptor 

NMB0966 para-aminobenzoate synthase glutamine amidotransferase component II 

NMB0967 anthranilate phosphoribosyltransferase 

NMB0971 hypothetical protein 

NMB0972 hypothetical protein 

NMB0973 hypothetical protein 

NMB0974 hypothetical protein 

NMB0975 hypothetical protein 

NMB0976 TspB-related protein 

NMB0977 putative modulator of drug activity B 

NMB0978 NAD(P) transhydrogenase, beta subunit 

NMB0979 hypothetical protein 

NMB0980 NAD(P) transhydrogenase, alpha subunit 

NMB0981- phosphoserine phosphatase 

NMB0982 chloride channel protein-related protein 

NMB0983 

NMB0985 E16-related protein 

NMB0986 hypothetical protein 

NMB0987 putative N-acetylmuramoyl-L-alanine amidase 

NMB0989 hypothetical protein 

NMB0990 hypothetical protein 

NMB0992 adhesin 

NMB0993 rubredoxin 

NMB0994 acyl-CoA dehydrogenase family protein 

NMB0995 macrophage infectivity potentiator-related protein 

NMB0996 hypothetical protein 

NMB0997 D-lactate dehydrogenase 

NMB0998 putative oxidoreductase 

NMB0999 NifR3/SMM1 family protein 



NMB1001 integrase protein (degenerate) 

NMB1002 hypothetical protein 

NMB1003 hypothetical protein 

NMB1004 hypothetical protein 

NMB1005 hypothetical protein 

NMB1009 conserved hypothetical protein 

NMB1012 hypothetical protein 

NMB1014 conserved hypothetical protein 

NMB1016 conserved hypothetical protein 

NMB1017 sulfate ABC transporter, periplasmic sulfate-binding protein 

NMB1018 conserved hypothetical protein 

NMB1019 phosphoribosylaminoimidazole carboxylase, ATPase subunit 

NMB1020 hypothetical protein 

NMB1021 anthranilate synthase component I 

NMB1023 conserved hypothetical protein 

NMB1024 conserved hypothetical protein 

NMB1025 conserved hypothetical protein 

NMB1026 conserved hypothetical protein 

NMB1027 dnaJ protein, truncation 

NMB1028 conserved hypothetical protein 

NMB1 029 aspartate ammonia-lyase 

NMB1030 conserved hypothetical protein 

NMB1031 3-isopropylmalate dehydrogenase 

NMB1033 modification methylase NlalV 

NMB1035 hypothetical protein 

NMB1036 3-isopropylmalate dehydratase, large subunit 

NMB1037 glutamate-cysteine ligase 

NMB1038 DNA repair protein RadC 

NMB1039 conserved hypothetical protein 
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NMB1040 hypothetical, protein 

NMB1041 GTP-binding protein (pseudogene) 

NMB1042 cation transport ATPase. E1-E2 family 

NMB1044 ferredoxin-NADP reductase 

N MB 1045 hypothetical protein 

NMB 1046 threonine synthase 

NMB1047 hypothetical protein 

NMB1048 hypothetical protein 

NMB1049 putative transcriptional regulator 

NMB1051 ABC transporter, ATP-binding protein 

NMB1052 dedA protein 

NMB1055 serine hydroxymethyltransferase 

NMB1057 gamma-glutamyltranspeptidase 

NMB1059 conserved hypothetical protein 

NMB1061 conserved hypothetical protein 

NMB1062 conserved hypothetical protein 

NMB1063 dihydroneopterin aldolase 

NMB1064 conserved hypothetical protein 

NMB1065 crcB protein 

NMB1066 hypothetical protein 

NMB1067 cell division protein FtsK 

NMB1068 gamma-glutamyl phosphate reductase 

NMB1069 glutamate 5-kinase 

NMB1070 2-isopropylmalate synthase 

NMB1071 conserved hypothetical protein 

NMB1072 prolipoprotein diacylglyceryl transferase 

NMB1073 conserved hypothetical protein 

NMB1074 acetylglutamate kinase 

NMB1075 conserved hypothetical protein 

NMB1076 DnaA-related protein 

NMB1077 ABC transporter, ATP-binding protein (truncation) 

NMB1078 transcriptional regulator, UmuD/LexA family (pseudogene) 

NMB1079 hypothetical protein 

NMB1081 bacteriophage transposase 

NMB1082 hypothetical protein 

NMB1083 putative bacteriophage DNA transposition protein B 

NMB1085 putative N-acetylmuramoyl-L-alanine amidase 

NMB1086 hypothetical protein 

NMB1087 hypothetical protein 

NMB1088 conserved hypothetical protein 

NMB1089 hypothetical protein 

NMB1090 hypothetical protein 

NMB1091 hypothetical protein 

NMB 1092 hypothetical protein 

NMB1094 hypothetical protein 

NMB1095 conserved hypothetical protein 

NMB1096 conserved hypothetical protein 
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NMB1 109 putative phage virion protein 

NMB1110 43 kDa tail protein 

NMB1 1 1 1 putative baseplate assembly protein V 

NMB1 112 conserved hypothetical protein 

NMB1114 conserved hypothetical protein 

NMB 1 1 1 5 putative tail fibre protein 

NMB1 1 1 7 hypothetical protein 

NMB1 118 conserved hypothetical protein 

NMB1 119 conserved hypothetical protein 

NMB1 1 20 hypothetical protein 

NMB1 121 conserved hypothetical protein (pseudogene) 

NMB1 124 hypothetical protein 
NMB 1125 - hypothetical protein 

NMB 1 1 26 hypothetical protein 
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NMB1 1 27 oxidoreductase, short cHSfff&ehydrogenase/reductase family 

NMB1128 conserved hypothetical protein 

NMB1 130 putative phytoene synthase 

NMB1 131 chaperone protein HscA 

NMB1132 hypothetical protein 

NMB1 1 33 conserved hypothetical protein / ankyrin-related protein 

NMB1 1 34 ferredoxin, 2Fe-2S type 

NMB1135 hypothetical protein 

NMB1 1 37 conserved hypothetical protein 

NMB1 1 38 conserved hypothetical protein 

NMB1 139 acetyl-CoA carboxylase, carboxyl transferase alpha subunit 

NMB1 141 RNA methyltransferase, TrmH family 

NMB1142 hypothetical protein 

NMB1 143 hypothetical protein 

NMB1 144 hypothetical protein 

NMB1 145 UDP-N-acetylmuramate:L-alanyl-gamma-D-glutamyl-meso-diaminopimelate i 

NMB1 146 biotin synthetase 

NMB1147 hypothetical protein 

NMB1150 dihydroxy-acid dehydratase 

NMB1 1 51 sulfite reductase hemoprotein, beta-component 

NMB1 152 sulfite reductase (NADPH) flavoprotein, alpha component 

NMB1 1 53 sulfate adenylyltransferase, subunit 1 

NMB1 1 54 sulfate adenylyltransferase, subunit 2 

NMB1 1 55 phosphoadenosine phosphosulfate reductase 

NMB1 1 56 siroheme synthase 

NMB1158 nickel-dependent hydrogenase, b-type cytochrome subunit 

NMB1159 conserved hypothetical protein 

NMB1162 hypothetical protein 

NMB1163 hypothetical protein 

NMB1 1 64 hypothetical protein 

NMB1 1 65 oxidoreductase, short chain dehydrogenase/reductase family 

NMB1 1 66 conserved hypothetical protein 

NMB1 1 68 putative phytoene synthase 

NMB1 169 chaperone protein HscA 

NMB1170 hypothetical protein 

NMB1171 conserved hypothetical protein / ankyrin-related protein 

NMB1 1 72 ferredoxin, 2Fe-2S type 

NMB1 1 73 hypothetical protein 

NMB1 1 75 conserved hypothetical protein 

NMB1 1 76 conserved hypothetical protein 

NMB1 177 acetyl-CoA carboxylase, carboxyl transferase alpha subunit 

NMB1179 RNA methyltransferase, TrmH family 

NMB1 180 hypothetical protein 

NMB1 181 hypothetical protein 

NMB1 182 hypothetical protein 

NMB1183 UDP-N-acetylmuramate:L-alanyl-gamma-D-glutamyl-meso-diaminopimelate 

NMB1184 biotin synthetase 

NMB1 1 85 hypothetical protein 

NMB1 188 dihydroxy-acid dehydratase 

NMB1 1 89 sulfite reductase hemoprotein, beta-component 

NMB1 1 90 sulfite reductase (NADPH) flavoprotein, alpha component 

NMB1 191 sulfate adenylyltransferase, subunit 1 

NMB1 192 sulfate adenylyltransferase, subunit 2 

NMB1193 phosphoadenosine phosphosulfate reductase 

NMB1 1 94 siroheme synthase 

NMB1 196 nickel-dependent hydrogenase, b-type cytochrome subunit 

NMB1 197 conserved hypothetical protein 

NMB1 199 GTP-binding protein TypA 
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NMB1200 ribonuclease II family protein 
NMB1201 IMP dehydrogenase 
NMB1 202 hypothetical protein 
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NMB1203 

NMB1204 

NMB1206 

NMB1207 

NMB1218 

NMB1219 

NMB1220 

NMB1221 

NMB1222 

NMB1225 

NMB1227 

NMB1228 

NMB1229 

NMB1230 

NMB1231 

NMB1232 

NMB1233 

NMB1234 

NMB1235 

NMB1236 

NMB1237 

NMB1238 

NMB1239 

NMB1240 

NMB1241 

NMB1242 

NMB1243 

NMB1244 

NMB1246 

NMB1247 

NMB1249 

NMB1250 

NMB1252 

NMB1253 

NMB1254 

NMB1256 

NMB1257 

NMB1258 

NMB1260 

NMB1262 

NMB1263 

NMB1266 

NMB1267 

NMB1268 

NMB1269 

NMB1270 

NMB1271 

NMB1273 

NMB1274 

NMB1276 

NMB1277 

NMB1278 

NMB1279 

NMB1280 

NMB1281 

NMB1282 

NMB1283 

NMB1284 

NMB1285 

NMB1286 

NMB1287 



protein-PII. uridylyltransfSnSfe 
transcriptional regulator 
bacterioferritin B 
bacterioferritin A 
conserved hypothetical protein 
putative transporter 
stomatin/Mec-2 family protein 
hypothetical protein 
uracil-DNA glycosylase 
hypothetical protein 
conserved hypothetical protein 
homoserine dehydrogenase 
hypothetical protein 
DNA-binding protein HU-beta 
ATP-dependent protease La 
conserved hypothetical protein 
exodeoxyribonuclease V t alpha subunit 
ABC transporter, ATP-binding protein 
conserved hypothetical protein 
hypothetical protein 
recombination protein RecR 
peptidyl-prolyl cis-trans isomerase-related protein 
conserved hypothetical protein 
ABC transporter, ATP-binding protein 
tRNA nucleotidyltransferase 
hypothetical protein 
Holliday junction DNA helicase RuvB 
ribulose-phosphate 3-epimerase 
conserved hypothetical protein 
riboflavin synthase, atpha subunit 
putative nitrate/nitrite sensory protein NarX 
transcriptional regulator, LuxR family 
phosphoribosylformylglycinamidine cyclo-ligase 
hypothetical protein 
GTP cyclohydrolase II 

GTP cyclohydrolase ll/3,4-dihydroxy-2-butanone-4-phosphate synthase 
site-specific DNA methylase (degenerate) 
conserved hypothetical protein 

type III restriction-modification system EcoPI enzyme, subunit res 

peptidyl-prolyl cis-trans isomerase 

CobW-related protein 

putative zinc uptake regulation protein 

low molecular weight protein tyrosine-phosphatase 

conserved hypothetical protein 

hypothetical protein 

conserved hypothetical protein 

putative mercury transport periplasmic protein 

putative alginate O-acetyiation protein Algl 

hypothetical protein 

long-chain-fatty-acid-CoA ligase 

transporter, BCCT family 

site-specific recombinase 

putative membrane-bound lytic murein transglycosylase B 
very long chain acyl-CoA dehydrogenase-related protein 
transcription-repair coupling factor 
aspartate 1 -decarboxylase 
2-dehydro-3-deoxyphosphooctonate aldolase 
hypothetical protein 
enolase 

conserved hypothetical protein 
putative ferredoxin 
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NMB1288 ribonucleoside-diphosprtHPreductase, beta subun it 

NMB1289 putative type I! restriction enzyme 

NMB1290 C-5 cytosine-specific DNA-methylase 

NMB1291 ribonucleoside-diphosphate reductase, alpha subunit 

NMB1293 hypothetical protein 

NMB1294 1-acyl-sn-glycerol-3-phosphate acyltransferase 

NMB1295 formamiddpyrimldine-DNA glycosylase 

NMB1296 hypothetical protein 

NMB1297 membrane-bound lytic murein transglycosylase D 

NMB1298 ribosomal small subunit pseudouridine synthase A 
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NMB1 300 cytidylate kinase 

NMB1301 30S ribosomal protein S1 

NMB1303 transcriptional regulator, MerR family 

NMB1304 alcohol dehydrogenase, class III 

NMB1305 esterase, putative 

NMB1306 conserved hypothetical protein 

NMB1307 nucleoside diphosphate kinase 

NMB1308 conserved hypothetical protein 

NMB1309 putative fimbrial biogenesis and twitching motility protein 

NMB1310 gcpE protein 

NMB1312 ATP-dependent Clp protease, proteolytic subunit 

NMB1313 trigger factor 

NMB1314 cell division protein FtsK 

NMB1315 uracil permease 

NMB1 31 7 hypothetical protein 

NMB1318 CDP-diacylglycerol-serine O-phosphatidyltransferase 

NMB1319 conserved hypothetical protein 

NMB1320 50S ribosomal protein L9 

NMB1321 30S ribosomal protein S18 

NMB1322 putative primosomal replication protein 

NMB1323 30S ribosomal protein S6 

NMB1324 thioredoxin reductase 

NMB1325 cation transport ATPase, E1-E2 family 

NMB1326 excinuclease ABC, subunit C 

NMB1327 conserved hypothetical protein 

NMB1328 conserved hypothetical protein 

NMB1 331 excinuclease ABC, subunit B 

NMB1332 carboxy-terminal peptidase 

NMB1333 conserved hypothetical protein 

NMB1335 creA protein 

NMB1336 conserved hypothetical protein 

NMB1337 conserved hypothetical protein 

NMB1338 putative isomerase 

NMB1339 prolyl-tRNA synthetase 

NMB1341 pyruvate dehydrogenase, E1 component 

NMB1342 pyruvate dehydrogenase, E2 component, dihydrolipoamide acetyltransferase 

NMB1344 pyruvate dehydrogenase, E3 component, lipoamide dehydrogenase 

NMB1345 hypothetical protein 

NMB1347 extragenic suppressor protein SuhB 

NMB1348 putative RNA methylase 

NMB1349 hypothetical protein 

NMB1350 hypothetical protein 

NMB1351 putative fmu and fmv protein 

NMB1352 hypothetical protein 

NMB1 353 aldehyde dehydrogenase family protein 

NMB1354 conserved hypothetical protein 

NMB1355 putative glutamyl-tRNA (Gin) amidotransferase subunit C 

NMB1356 Glu-tRNA(Gln) amidotransferase, subunit A 

NMB1357 conserved hypothetical protein 

NMB1 358 Glu-tRNA(Gln) amidotransferase, subunit B 

NMB1 359 putative CDP-6-deoxy-delta-3,4-glucose reductase 
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NMB1360 pyridoxamine 5-phosphat^xidase 

NMB1361 conserved hypothetical protein 

NMB1362 putative oxalate/formateantiporter 

NMB1363 exodeoxyribonuclease, large subunit 

NMB1364 putative NH(3)-dependent NAD+ synthetase NadE 

NMB1365 conserved hypothetical protein 

NMB1366 thioredoxin 

NMB1367 conserved hypothetical protein 

NMB1368 putative ATP-dependent RNA helicase 

NMB1369 hypothetical protein 

NMB1370 hypothetical protein 

NMB1371 acetylornithine aminotransferase 

NMB1372 ATP-dependent Clp protease, ATP-binding subunit CIpX 

NMB1373 ribosome-binding factor A 

NMB1 374 tRN A pseudouridine synthase B 

NMB1 377 L-lactate dehydrogenase 

NMB1378 conserved hypothetical protein 

NMB1379 nifS protein 

NMB1380 nifU protein 

NMB1383 chaperone protein HscB 

NMB1384 DNA gyrase subunit A 

NMB1387 hypothetical protein 

NMB1388 glucose-6-phosphate isomerase 

NMB1389 RpiR/YebK/YfhH family protein 

NMB1 390 giucokinase 

NMB1391 oxidoreductase, Sol/OevB family 

NMB1392 glucose-6-phosphate 1 -dehydrogenase 

NMB1393 phosphogluconate dehydratase 

NMB1394 4-hydroxy-2-oxogIutarate aldolase/2-deydro-3-deoxyphosphogluconate aldote 

NMB1395 zinc-containing alcohol dehydrogenase 

NMB1 396 A/G-specific adenine glycosylase 

NMB1397 hypothetical protein 

NMB1398 Cu-Zn-superoxide dismutase 



CTVFR02/04587 



NMB1400 ABC transporter family protein 

NMB1402 hypothetical protein 

NMB1403 FrpA/C-related protein 

NMB1404 hypothetical protein 

NMB1405 FrpA/C-related protein 

NMB1409 FrpA/C-related protein 

NMB1412 FrpC operon protein 

NMB1414 FrpC operon protein 

NMB1415 iron-regulated protein FrpC 

NMB1416 aminopeptidase N 

NMB1417 conserved hypothetical protein 

NMB1418 HtrB/MsbB family protein 

NMB1419 crossover junction endodeoxyribonuclease RuvC 

NMB1420 putative factor-for-inversion stimulation protein Fis 

NMB1421 nifR3 protein 

NMB1422 ATP-dependent RNA helicase, putative 

NMB1423 conserved hypothetical protein 

NMB1424 hypothetical protein 

NMB1425 lysyl-tRNA synthetase, heat inducible 

NMB1426 hypothetical protein 

NMB1428 putative aminopeptidase 

NMB1429 outer membrane protein PorA 

NMB1430 transcription elongation factor GreA 

NMB1432 3-phosphoshikimate 1-carboxyvinyltransferase 

NMB1433 conserved hypothetical protein (pseudogene) 

NMB1434 cardioiipin synthetase family protein 

NMB1435 drug resistance translocase family protein 

NMB1436 conserved hypothetical protein 
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NMB1437 conserved hypothetical j3fc!5in 

NMB 1 438 conserved hypothetical protein 

NMB1 439 phosphoribosylaminoimidazole carboxylase, catalytic subunit 

NMB1440 hypothetical protein 

NMB1441 putative O-methyltransferase 

NMB1442 mismatch repair protein MutL 

NMB1443 DNA polymerase III, subunits gamma and tau (programmed frameshift) 

NMB1444 conserved hypothetical protein 

NMB 1445 recA protein 

NMB1446 3-dehydroquinate dehydratase 

NMB1447 ATP-dependent DNA helicase 

NMB1448 DNA-damage-inducible protein P 

NMB 1450 ferredoxin— NADP reductase 

NMB1451 DNA polymerase III, epsilon subunit 

NMB1452 conserved hypothetical protein 

NMB1453 hypothetical protein 

NMB1454 ferredoxin, 4Fe-4S bacterial type 

NMB1457 transketolase 

NMB1458 fumarate hydratase, class II 

NMB1459 conserved hypothetical protein 

NMB1460 single-strand binding protein 

NMB1461 drug resistance translocase family protein 

NMB 1 462 putative transglycosylase 

NMB 1464 conserved hypothetical protein 

NMB1466 conserved hypothetical protein 

NMB1467 exopolyphosphatase 

NMB1470 hypothetical protein 

NMB1471 tryptophanyl-tRNA synthetase 

NMB1472 dpB protein 

NMB1473 aminotransferase, class I 

NMB1474 putative 4-oxalocrotonate tautomerase 

NMB1475 conserved hypothetical protein 

NMB1476 glutamate dehydrogenase, NAD-specific 

NMB1479 regulatory protein RecX 

NMB1480 hypothetical protein 

NMB1 482 acyl CoA thioester hydrolase family protein 

NMB1483 putative lipoprotein NIpD 

NMB1484 stationary-phase survival protein SurE 

NMB1485 conserved hypothetical protein 

NMB1487 fimbrial assembly protein 

NMB1488 succinate-semialdehyde dehydrogenase (NADP+) 

NMB1493 carbon starvation protein A 

NMB1494 conserved hypothetical protein 

NMB 1497 TonB-dependent receptor 

NMB 1498 aspartokinase, alpha and beta subunits 

NMB1499 ribonuclease PH 



NMB1500 conserved hypothetical protein 

NMB1 501 HesA/MoeB/ThiF family protein 

NM B 1 504 conserved hypothetical protein 

NMB1505 nicotinate phosphoribosyltransferase 

NMB1506 arginyl-tRNA synthetase 

NMB1508 hypothetical protein 

NMB1509 amino acid ABC transporter, permease protein 

NMB1510 thermonuclease family protein 

NMB1 51 1 ribose 5-phosphate isomerase A 

NMB1512 YgbB/YacN family protein 

NMB1 51 3 conserved hypothetical protein 

NMB1514 DNA polymerase III, epsilon subunit 

NMB1 515 putative transporter 

NMB1516 fixS protein 

NMB 151 7 hypothetical protein 
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NMB1518 
NMB1519 
NMB1521 
NMB1522 
NMB1524 
NMB1526 
NMB1527 
NMB1528 
NMB1529 
NMB1530 
NMB1531 
NMB1532 
NMB1533 
NMB1536 
NMB1537 
NMB1538 
NMB1540 
NMB1541 
NMB1543 
NMB1544 
NMB1545 
NMB1546 
NMB1547 
NMB1548 
NMB1550 
NMB1551 
NMB1552 
NMB1554 
NMB1555 
NMB1556 
NMB1557 
NMB1558 
NMB1559 
NMB1560 
NMB1561 
NMB1562 
NMB1563 
NMB1564 
NMB1565 
NMB1566 
NMB1567 
NMB1568 
NMB1570 
NMB1571 
NMB1572 
NMB1573 
NMB1574 
NMB1575 
NMB1576 
NMB1577 
NMB1578 
NMB1579 
NMB1580 
NMB1581 
NMB1582 
NMB1583 
NMB1584 
NMB1585 
NMB1586 
NMB1587 
NMB1588 



acetate kinase 
thiolidisulfide interchange protein DsbD 
phytoene synthase-related protein 
FKBP-type peptidyl-prolyl cis-trans isomerase SlyD 
putative oxidoreductase 
small major protein B 
ADP-heptose-LPS heptosyltransferase II 
putative methylated-DNA-protein-cysteine methyltransferase 
hypothetical protein 

succinyl-diaminopimelate desuccinylase 
conserved hypothetical protein 
conserved hypothetical protein 
H.8 outer membrane protein 
preprotein translocase SecA subunit 
DNA primase 

RNA polymerase sigma factor RpoD 
lactoferrin-binding protein A 
lactoferrin-binding protein B 
conserved hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
hypothetical protein 
putative tspB protein 
conserved hypothetical protein 
conserved hypothetical protein 
pilin gene inverting protein PivNM-1A 
CTP synthase 

long-chain-fatty-acid-CoA ligase 

tRNA (5-methylaminomethyl-2-thiouridylate)-methyltransferase 

conserved hypothetical protein 

diacylglycerol kinase 

glutathione synthetase 

glutaminyMRNA synthetase 

transcriptional regulator. DeoR family 

conserved hypothetical protein 

transcriptional regulator, GntR family 

conserved hypothetical protein 

hypothetical protein 

phosphoribosylgiycinamide formyltransferase 

macrophage infectivity potentiator 

putative DNA polymerase holoenzyme chi subunit 

conserved hypothetical protein 

conserved hypothetical protein 

aconitate hydratase 2 

ornithine carbamoyltransferase, catabolic 

ketol-acid reductoisomerase 

conserved hypothetical protein 

acetolactate synthase IN, small subunit 

acetolactate synthase III, large subunit 

conserved hypothetical protein 

ATP phosphoribosyltransferase 

hypothetical protein 

histidinol dehydrogenase 

histidinol-phosphate aminotransferase 

imidazoleglycerol-phosphate dehydratase 

3-hydroxyacid dehydrogenase 

transcriptional regulator, MarR family 

hypothetical protein 

putative protease 

CDP-diacylglycerol-glycerol-3-phosphate 3-phosphatidyltransferase 
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NMB1590 conserved hypothetical pTCfein 

NMB1591 transcriptional regulator WtrA 

NMB1 593 conserved hypothetical protein 

NMB1 594 spermidine/putrescine ABC transporter 

NMB1595 alanyl-tRNA synthetase 
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NMB1604 phosphoglycerate mutase 

NMB1 605 topoisomerase IV subunit A 

NMB1606 sensor histidine kinase 

NMB1 607 sigma-54 dependent response regulator 

NMB1608 conserved hypothetical protein 

NMB1609 trans-suifuration enzyme family protein 

NMB1610 hypothetical protein 

NMB161 1 hypothetical protein 

NMB1612 amino acid ABC transporter, periplasmic amino acid-binding protein 

NMB1613 fumarate hydratase, class I 

NMB1614 Trk system potassium uptake protein TrkA 

NMB 161 6 phosphomethylpyrimidine kinase 

NMB1 61 7 putative tellurite resistance protein 

NMB1618 ribonuclease HI 

NMB1619 conserved hypothetical protein 

NMB1620 conserved hypothetical protein 

NMB1621 glutathione peroxidase 

NMB1 622 nitric oxide reductase 

NMB1 623 major anaerobically induced outer membrane protein 

NMB1 624 hypothetical protein 

NMB1625 piiin gene inverting protein PivNM-1B 

NMB1626 conserved hypothetical protein 

NMB1627 conserved hypothetical protein 

NMB1 628 putative tspB protein 

NMB1629 hypothetical protein 

NMB1630 hypothetical protein 

NMB1631 hypothetical protein 

NMB1632 hypothetical protein 

NMB1633 hypothetical protein 

NMB1634 conserved hypothetical protein 

NMB1637 conserved hypothetical protein 

NMB1638 YhbXmijW/YljP/YjdB family protein 

NMB1640 phosphoserine aminotransferase 

NMB1641 conserved hypothetical protein 

NMB1642 N utilization substance protein A 

NMB1643 translation initiation factor IF-2 

NMB1644 hypothetical protein 

NMB1645 hypothetical protein 

NMB1646 putative hemolysin 

NMB1647 putative amino acid symporter 

NMB1648 conserved hypothetical protein 

NMB1649 disulfide bond formation protein B 

NMB1650 leucine-responsive regulatory protein 

NMB1651 alanine racemase 

NMB1652 conserved hypothetical protein 

NMB1653 conserved hypothetical protein 

NMB1654 conserved hypothetical protein 

NMB1 655 putative adenine specific methylase 

NMB 1 656 hypothetical protein 

NMB1657 comE operon protein 1-related protein 

NMB1658 ONA/pantothenate metabolism flavoprotein 

NMB 1659 guanosine-3,5-bis(diphosphate) 3-pyrophosphohydrolase 

NMB 1660 DNA-directed RNA polymerase, omega subunit 

NMB1661 guanyfate kinase 

NMB1662 adenine phosphoribosyltransferase 

NMB1663 conserved hypothetical protein 
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NMB1664 putative protease 

NMB1669 iron-starvation protein PigA 

NMB1 670 PqiA family protein 

NMB1671 pqiB protein 

NMB1672 conserved hypothetical protein 

NMB1673 DNA-3-methyladenine glycosyfase I 

NMB1674 GDSL lipase family protein 

NMB1675 hypothetical protein 

NMB1677 cytochrome c5 

NMB1678 aromatic-amino-acid aminotransferase 

NMB1679 tRNA (uracil-5-)-methyltransferase 

NMB1680 chorismate synthase 

NMB1681 hypothetical protein 

NMB1 682 topoisomerase IV subunit B 

NMB1 683 MutT/nudix family protein 

NMB1 684 seryl-tRNA synthetase 

NMB1 685 D-lactate dehydrogenase 

NMB1 686 peptide chain release factor 1 

NMB1687 conserved hypothetical protein 

NMB1688 L-asparaginase I 

NMB1 689 putative dedA protein 

NMB1690 phosphoglucomutase/phosphomannomutase family protein 

NMB1691 dihydropteroate synthase 

NMB1693 hypothetical protein 

NMB1694 conserved hypothetical protein 

NMB1699 hypothetical protein 
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NMB1 703 3-oxoacyl-(acyl-carrier-protein) synthase II 

N MB 1704 beta-1 f 4-glucosyltransferase 

NMB1 705 alpha- 1 ,2-N-acetylglucosamine transferase 

NMB1706 hypothetical protein 

NMB1 707 sodium- and chloride-dependent transporter 

NMB1709 thymidylate synthase 

NMB1 71 0 glutamate dehydrogenase, NADP-specific 

NMB1 71 1 transcriptional regulator, GntR family 

NMB1 71 2 L-lactate permease-reiated protein 

NMB1714 multidrug efflux pump channel protein 

NMB1 71 5 multiple transferable resistance system protein MtrD 

NMB1716 membrane fusion protein 

NMB1 71 7 trancscriptional regulator MtrR 

NMB1718 hypothetical protein 

NMB1 719 efflux pump component MtrF 

NMB1 720 exodeoxyribonuclease V 1 25 kD polypeptide 

NMB1721 conserved hypothetical protein 

NMB1722 cytochrome C555, truncation 

NMB1 723 cytochrome c oxidase, subunit III 

NMB1724 cytochrome c oxidase, subunit II 

NMB1725 cytochrome c oxidase, subunit I 

NMB1726 conserved hypothetical protein 

NMB1727 conserved hypothetical protein 

IMMB1 728 biopolymer transport protein ExbD 

NMB1729 biopolymer transport protein ExbB 

NMB1 730 TonB protein 

NMB1731 conserved hypothetical protein 

NMB1732 putative transporter 

NMB1733 hypothetical protein 

NMB1 734 glutaredoxin 

NMB1 735 GTP pyrophosphokinase 

NMB1 737 putative secretion protein 

NMB1738 putative secretion protein 

NMB1740 hypothetical protein 

NMB1742 hypothetical protein 
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NMB1744 hypothetical protein 

NMB1745 hypothetical protein 

NMB1747 putative tspB protein 

NMB1748 conserved hypothetical protein 

NMB1749 conserved hypothetical protein 

NMB1772 hypothetical protein 

NMB1775 hypothetical protein 

NMB1779 hemagglutinin/hemolysin-related protein 

NMB1780 putative hemolysin activation protein HecB 

NMB1781 hypothetical protein 

NMB1782 hypothetical protein 

NMB1784 hypothetical protein 

NMB1785 hypothetical protein 

NMB1786 hypothetical protein 

NMB1787 N-acetyl-gamma-glutamyl-phosphate reductase 

NMB1788 ATP-dependent DNA helicase RecG 

NMB1789 protein-export protein SecB 

NMB1790 glutaredoxin 3 

NMB1791 cytoplasmic axial filament protein (pseudogene) 

NMB1 792 sensor histidine kinase 

N MB 1794 citrate transporter 

NMB1796 conserved hypothetical protein 

NMB1797 penicillin-binding protein 3 

NMB1799 S-adenosylmethionine synthetase 
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NMB1801 HtrB/MsbB family protein 

NMB1802 O-sialoglycoprotein endopeptidase 

NMB1804 putative cytochrome c-type biogenesis protein 

NMB1805 cytochrome c4 

NMB1806 conserved hypothetical protein 

NMB1807 penicillin-binding protein 1 

NMB1808 pilM protein 

NMB1809 pilN protein (pseudogene) 

NMB1810 pilO protein 

NMB1811 pilP protein 

NMB1812 pilQ protein (pseudogene) 

NMB1813 shikimate kinase 

NMB1814 3-dehydroquinate synthase 

NMB1815 conserved hypothetical protein 

NMB1816 conserved hypothetical protein 

NMB1817 riboflavin-specific deaminase 

NMB1818 putative lipopolysaccharide biosynthesis protein 

NMB1820 pilin glycosylation protein PgIB 

NMB1821 pilin glycosylation protein PgIC 

NMB1822 pilin glycosylation protein PgID 

NMB1823 valine-pyruvate aminotransferase 

NMB1824 conserved hypothetical protein 

NMB1825 hypothetical protein 

NMB1826 conserved hypothetical protein 

NMB1827 DNA polymerase III, alpha subunit 

NMB 1 830 putative phosphoglycolate phosphatase 

NMB1831 lytB protein 

NMB1832 lipoprotein signal peptidase 

NMB 1833 isoleucyl-tRNA synthetase 

NMB1834 riboflavin kinase/FMN adenylyltransferase 

NMB1835 tyrosyl-tRNA synthetase 

NMB1836 putative lipopolysaccharide biosynthesis protein WbpC 

NMB1838 GTP-binding protein, putative 

NMB1 839 formate-tetrahydrofolate ligase 

NMB1840 conserved hypothetical protein 

NMB1841 mannose-1 -phosphate guanyltransferase-related protein 

NMB1842 putative 4-hydroxyphenylacetate 3-hydroxylase. small subunit 
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NMB1843 transcriptional regulator,. MarR family 

NMB1845 thioredoxin : . r . : ; . 

NMB1 846 Mrp/NBP35 family protein 

NMB1849 carbamoyl-phosphate synthase, small subunit 

NMB1 85 1 hypothetical protein 

NMB1852 conserved hypothetical protein 

NMB1855 carbamoyl-phosphate synthase, large subunit 

NMB1856 transcriptional regulator, LysR family 

NMB1857 modulator of drug activity B 

NMB1859 S-adenosylmethionine:tRNA ribosyltransferase-isomerase 

NMB1860 acetyl-CoA carboxylase, biotin carboxyl carrier protein 

NMB1861 acetyl-CoA carboxylase, biotin carboxylase 

NMB1862 ribosomal protein L11 methyltransferase 

NMB1863 oligoribonuclease 

NMB1864 glutamate-1-semialdehyde 2,1-aminomutase 

NMB1866 conserved hypothetical protein 

NMB1867 1-deoxyxylulose-5-phosphate synthase 

NMB1868 integrase/recombinase XerC 

NMB1 869 fructose-bisphosphate aldolase 

NMB1870 hypothetical protein 

NMB1871 conserved hypothetical protein 

NMB1872 putative ribosomal-protein-alanine acetyltransferase 

NMB1873 putative DNA polymerase, bacterioph age-type 

NMB1874 orotate phosphoribosyltransferase 

NMB1875 hypothetical protein 

NMB1876 N-acetytglutamate synthase 

NMB1877 prolyl oligopeptidase family protein 

NMB1 878 transcriptional regulator, AraC family 

NMB1879 hypothetical protein 

NMB1880 putative ABC transporter, periplasmic solute-binding protein 

NMB1881 conserved hypothetical protein 

NMB1882 TonB-dependent receptor 

NMB1884 conserved hypothetical protein 

NMB1 885 protein-L-isoaspartate O-methyltransferase 

NMB1886 conserved hypothetical protein 

NMB1 887 triosephosphate isomerase 

NMB1888 protein-export membrane protein SecG 

NMB1890 conserved hypothetical protein 

NMB1891 helix-turn-helix family protein 

NMB1894 leucyl-tRNA synthetase (truncation) 

NMB1895 DNA adenine methyiase (truncation) 

NMB1896 type II restriction enzyme Dpnl 

NMB1897 leucyl-tRNA synthetase 

NMB1898 lipoprotein 

NMB1899 hypothetical protein 
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NMB1900 polyphosphate kinase 

NMB1902 DNA polymerase III, beta subunit 

NMB1903 chromosomal replication initiator protein DnaA 

NMB1904 SOS ribosomal protein L34 

NMB1905 ribonuclease P protein component 

NMB1906 conserved hypothetical protein 

NMB1907 60 kd inner-membrane protein 

NMB1908 conserved hypothetical protein 

NMB1909 Maf/YceF/YhdE family protein 

NMB1 910 conserved hypothetical protein 

NMB191 1 SOS ribosomal protein L32 

NMB1 91 2 conserved hypothetical protein 

NMB1913 fatty acid/phospholipid synthesis protein 

NMB1914 hypothetical protein 

NMB191 5 hypothetical protein 

NMB1916 3-oxoacyl-(acyl-carrier-protein) synthase III 
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NMB1917 

NMB1918 

NMB1919 

NMB1920 

NMB1921 

NMB1923 

NMB1924 

NMB1925 

NMB1926 

NMB1927 

NMB1928 

NMB1929 

NMB1930 

NMB1931 

NMB1932 

NMB1933 

NMB1934 

NMB1935 

NMB1936 

NMB1937 

NMB1938 

NMB1939 

NMB1940 

NMB1941 

NMB1943 

NMB1944 

NMB1945 

NMB1946 

NMB1947 

NMB1948 

NMB1949 

NMB1950 

NMB1951 

NMB1952 

NMB1953 

NMB1954 

NMB1955 

NMB1957 

NMB1958 

NMB1959 

NMB1960 

NMB1961 

NMB1962 

NMB1963 

NMB1964 

NMB1965 

NMB1966 

NMB1967 

NMB1968 

NMB1969 

NMB1970 

NMB1971 

NMB1972 

NMB1973 

NMB1975 

NMB1976 

NMB1977 

NMB1978 

NMB1979 

NMB1980 

NMB1981 



conserved hypotheticaiprolein 
malonyl CoA-acyl carrier protein transacylase 
ABC transporter, ATP-binding protein 
GMP synthase 

3-oxoacyl-(acyl-carrier-protein) reductase 
conserved hypothetical protein 
inositol monophosphatase family protein 
conserved hypothetical protein 

lacto-N-neotetraose biosynthesis glycosyl transferase LgtE 

lacto-N-neotetraose biosynthesis glycosyl transferase-related protein 

lacto-N-neotetraose biosynthesis glycosyl transferase LgtB 

lacto-N-neotetraose biosynthesis glycosyl transferase LgtA 

glycyl-tRNA synthetase, beta chain 

hypothetical protein 

glycyl-tRNA synthetase, alpha chain 

ATP synthase F1, epsilon subunit 

ATP synthase F1, beta subunit 

ATP synthase F1, gamma subunit 

ATP synthase F1 , alpha subunit 

ATP synthase F1 , delta subunit 

ATP synthase F0, B subunit 

ATP synthase F0, C subunit 

ATP synthase F0, A subunit 

hypothetical protein 

hypothetical protein 

ParB family protein 

3-octaprenyl-4-hydroxybenzoate carboxy-lyase 

outer membrane lipoprotein 

ABC transporter, permease protein 

ABC transporter, ATP-binding protein 

putative soluble lytic murein transglycosylase 

30S ribosomal protein S21 

conserved hypothetical protein 

stringent starvation protein B 

stringent starvation protein A 

hypothetical protein 

cadmium resistance protein 

hypothetical protein 

putative thioredoxin 

conserved hypothetical protein 

hypothetical protein 

VacJ-related protein 

hypothetical protein 

conserved hypothetical protein 

conserved hypothetical protein 

conserved hypothetical protein 

ABC transporter, ATP-binding protein 

transcriptional regulator, AraC family 

aldehyde dehydrogenase A 

putative serotype-1 -specific antigen 

putative para-aminobenzoate synthetase component I 

conserved hypothetical protein 

chaperonin, 60 kDa 

chaperonin, 10 kDa 

sodium- and chloride-dependent transporter 
diaminopimelate decarboxylase 
hypothetical protein 
cyaY protein 

conserved hypothetical protein 
conserved hypothetical protein 
conserved hypothetical protein 
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NMB1 982 DNA polymerase I 

NMB1983 hypothetical protein 

N MB 1985 adhesion and penetration protein 

NMB1986 hypothetical protein 

NMB1987 thiophene and furan oxidation protein ThdF 

NMB1988 iron-regulated outer membrane protein FrpB 

NMB1989 iron(lll) ABC transporter, periplasmic binding protein 

NMB1 990 iron(lll) ABC transporter, permease protein 

NMB1991 iron(lll) ABC transporter, permease protein 

NMB1992 hypothetical protein 

NMB1993 iron(lll) ABC transporter, ATP-binding protein 

NMB1995 nitrogen regulatory protein P-ll 

NMB1996 phosphoribosylformylglycinamidine synthase 

NMB1997 hydroxyacylglutathione hydrolase 

NMB1999 magnesium transporter 
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NMB2000 conserved hypothetical protein 

NMB2001 conserved hypothetical protein 

NMB2002 hypothetical protein 

NMB2003 conserved hypothetical protein 

NMB2004 conserved hypothetical protein 

NMB2005 glutamate N-acetyltransferase/amino-acid acetyltransferase 

NMB2006 chloride channel protein-related protein 

NMB2007 ATP-dependent RNA helicase HrpA (truncation) 

NMB2009 ATP-dependent RNA helicase HrpA (degenerate) 

NMB201 0 YhbX/YhjW/YijP/YjdB family protein 

NMB201 1 ATP-dependent RNA helicase HrpA (truncation) 

NMB2015 hypothetical protein 

NMB201 6 type IV pilin-related protein 

NMB2017 ComEA-related protein 

NMB2018 conserved hypothetical protein 

NMB2019 lipopolysaccharide core biosynthesis protein KdtB 

NMB2020 conserved hypothetical protein 

NMB2021 conserved hypothetical protein 

NMB2022 conserved hypothetical protein 

NMB2023 conserved hypothetical protein 

NMB2024 conserved hypothetical protein 

NMB2025 conserved hypothetical protein 

NMB2026 ABC transporter, permease protein 

NMB2027 gluconate permease 

NMB2028 thermoresistant gluconokinase 

NMB2029 homoserine kinase (pseudogene) 

NMB2030 3-demethylubiquinone-9 3-methyltransferase 

NMB2031 tryptophan transporter 

NMB2033 putative histidinol-phosphatase 

NMB2034 putative 1-acyl-sn-glycerol-3-phosphate acyltransferase 

NMB2035 conserved hypothetical protein 

NMB2036 tRNA pseudouridine synthase A 

NMB2037 hypothetical protein 

NMB2038 PemK-related protein 

NMB2039 major outer membrane protein PIB 

NMB2040 thiamine biosynthesis protein ThiC 

NMB2041 thiamin pyrophosphokinase-related protein 

NMB2042 spermidine/putrescine ABC transporter, ATP-binding protein 

NMB2044 phosphoenolpyruvate-protein phosphotransferase 

NMB2046 PTS system, IIAB component 

NMB2047 putative hypoxanthine-guanine phosphoribosyltransferase 

NMB2048 DNA ligase 

NMB2049 glyoxalase II family protein 

NMB2050 conserved hypothetical protein 

NMB2051 ubiquinol-cytochrome c reductase, cytochrome c1 

NMB2052 ubiquinol-cytochrome c reductase, cytochrome b 
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NMB2053 ubiquinol-cytochrome c HBBctase, iron-sulfur subunit 

NMB2054 conserved hypothetical protein 

NMB2055 transcriptional regulator, LysR family 

NMB2056 30S ribosomal protein S9 

NMB2057 SOS ribosomal protein L13 

NMB2058 conserved hypothetical protein 

NMB2059 hypothetical protein 

NMB2060 glycerol-3-phosphate dehydrogenase (NAD+) 

NMB2061 phosphoenolpyruvate carboxylase 

NMB2062 thiF protein 

NMB2063 slyX protein, putative 

NMB2064 conserved hypothetical protein 

NMB2065 hemK protein 

NMB2066 tldD protein 

NMB2067 conserved hypothetical protein 

NMB2068 putative D-amino acid oxidase flavoprotein 

NMB2069 thiamin-phosphate pyrophosphorylase 

NMB2070 hypothetical protein 

NMB2071 thiG protein 

NMB2074 hypothetical protein 

NMB2075 BirA protein/Bvg accessory factor 

NMB2076 aut protein 

NMB2078 conserved hypothetical protein 

NMB2079 aspartate-semialdehyde dehydrogenase 

NMB2080 hypothetical protein 

NMB2081 hypothetical protein 

NMB2082 exodeoxyribonuclease 

NMB2083 cysteinyMRNA synthetase 

NMB2085 hypothetical protein 

NMB2086 GTP-binding protein 

NMB2088 conserved hypothetical protein 

NMB2089 conserved hypothetical protein 

NMB2090 phosphoheptose isomerase 

NMB2091 putative hemolysin 

NMB2092 hypothetical protein 

NMB2093 methionine aminopeptidase 

NMB2094 hypothetical protein 

NMB2095 putative adhesin complex protein 

NMB2096 malate:quinone oxidoreductase 

NMB2098 conserved hypothetical protein 

NMB2099 conserved hypothetical protein 



NMB2100 hypothetical protein 

NMB2101 30S ribosomal protein S2 

NMB2102 elongation factor TS (EF-TS) 

NMB2103 uridylate kinase 

NMB2105 mafB protein 

NMB2106 hypothetical protein 

NMB2107 MafB-related protein 

NMB21 08 hypothetical protein 

NMB2109 hypothetical protein 

NMB21 1 0 hypothetical protein 

NMB2112 hypothetical protein 

NMB21 1 3 hypothetical protein 

NMB2114 MafB-related protein 

NMB21 18 hypothetical protein 

NMB21 1 9 MafB-related protein 

NMB2120 hypothetical protein 

NMB2121 hypothetical protein 

NMB2122 MafB-related protein 

NMB2123 hypothetical protein 

NMB21 24 hypothetical protein 
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NMB2125 
NMB2127 
NMB2128 
NMB2129 
NMB2130 
NMB2131 
NMB2132 
NMB2133 
NMB2134 
NMB2135 
NMB2138 
NMB2139 
NMB2140 
NMB2141 
NMB2142 
NMB2143 
NMB2144 
NMB2147 
NMB2149 
NMB2150 
NMB2151 
NMB2152 
NMB2153 
NMB2154 
NMB2155 
NMB2156 
NMB2157 
NMB2158 
NMB2159 
NMB2160 



hypothetical protein 
putative protease 
CinA-related protein 
argininosuccinate synthase 
hypothetical protein 
hypothetical protein 

transferrin-binding protein-related protein 

sodium/dicarboxylate symporter family protein 

conserved hypothetical protein 

conserved hypothetical protein 

peptide chain release factor 2 

conserved hypothetical protein 

conserved hypothetical protein 

hypothetical protein 

conserved hypothetical protein 

conserved hypothetical protein 

putative sigma factor 

hypothetical protein 

hypothetical protein 

conserved hypothetical protein 

phosphoribosylamine-glycine ligase 

hypothetical protein 

conserved hypothetical protein 

electron transfer flavoprotein, alpha subunit 

electron transfer flavoprotein, beta subunit 

heptosyltransferase I 

putative pyrazinamidase/nicotinamidase PncA 
conserved hypothetical protein 
glyceraldehyde 3-phosphate dehydrogenase 
DNA mismatch repair protein MutS 
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Liste des genes mutes (NMA locus, Z2491) 

Les mutants soulignds sont retrouves dans des transposases. Ces mutants presentent une 
sensibilite accrue £ Taction bactericide du complement du serum humain. Les chiffres en gras 
identifient chaque mutant par n° du pool/n° du mutant 

5 Nm2: nuoL, NADH dehydrogenase I chain L 8/1, 39/25 
Nm3: unknown 35/25 
Nm4: unknown 88/18 

Nm8: nuoU NADH dehydrogenase I chain 1 15/45 

Nm9: nuoH, NADH dehydrogenase I chain H 51/46 
10 NmlO: nuoG, NADH dehydrogenase I chain G 16/33, 26/39, 58/31 

Nml4: nuoF, NADH dehydrogenase I chain F 23/37, 51/27 

Nml5: nuoE, NADH dehydrogenase I chain E 8/41 

Nml7: nuoC, NADH dehydrogenase I chain C 29/44, 55/43, 57/25 

Nml8: nuoB, NADH dehydrogenase I chain B 7/39', 39/33, 64/45' 
15 Nm20: probable integral membrane protein 20/44, 44/15, 58/15, 62/15 

Nm22: possible transposase for IS1016 9/17 

Nm24: unknown 20/7 

Nm29: unknown 69/10, 79/13, 93/8 

Nm30: unknown 47/25 
20 Nm32: unknown 32/32', 33/26', 57/24 

Nm33: probable transposase for IS 1655 89/23 

Nm35: glnE, probable glutamate-ammonia-ligase adenylyltransferase 16/29, 62/29, 84/34 
Nm36: unknown 8/18, 58/41 
Nm37: unknown 89/11, 95/37 
25 Nm39: unknown 5/31, 24/16', 53/27', 93/13 
Nm41: unknown 55/47 

Nm42: pyrD 9 dihydroorotate dehydrogenase 26/32, 79/39 
Nm46: probable transmembrane transport protein 85/30 
Nm47: probable transmembrane transport protein 12/14, 45/21, 71/19 
30 Nm48: pglA, glycosyltransferase 18/48', 45/41 1 , 74/34 
Nm50: katA, catalase 48/22, 60/22 

Nm54: prlC, probable oligopeptidase A 31/8, 49/34, 87/31 

Nm55: probable integral membrane protein 81/35, 91/38 

Nm57: sdaA> probable L-serine dehydratase 60/32 
35 Nm60: probable transmembrane transport protein 437, 9/37, 3837, 57/9, 80/19, 8037, 85/7 

Nm63: aat y leucyl/phenylalanyl-tRNA-protein transferase 95/1 

Nm65: probable lipoprotein 19/44 

Nm67: unknown 30/28, 49/30, 93/41 

Nm68: unknown 42/10 
40 Nm70: rluC y probable ribosomal large subunit pseudouridine synthase C 1/44, 63/17 

Nm73: probable amino-acid transport protein 14/46, 17/12, 48/45 

Nm75: rnhB, ribonuclease HII 35/38 

Nm76: parA, ParA-family protein 59/31 

Nm77: gidB, probable glucose-inhibited division protein B homolog 20/24 
45 Nm84: probable integral membrane protein 5/38, 21/24 
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Nm87: \pxD y UDP-3-0-[3-hydroxymyristoyl] glucosamine N-acyl transferase 53/42 
Nm91: probable amino-acid transporter 32/29, 35/46, 54/6, 67/9, 74/8, 84/18 
Nm92: dadA 7 probable D-amino acid small subunit 55/37, 68/36 
5 Nm98: oxyR, possible hydrogen peroxide-inducible genes activator 28/24, 40/1, 48/42 



Nml55: unknown 7/37', 13/31 M , 25/43, 25/45", 48/9, 69/41, 70/43', 82/43' 
Nml57: unknown 47/48 
Nml58: dprA, DprA homolog 46/32 
10 Nml60: probable two-component sensor 92/36 
Nml62: SUN homolog 19/43, 79/17, 80/48 

Nml65: probable periplasmic protein &7 1 , 815', 24/32,43/26,57/26, 63/11, 87723, 92/33, 95/23 
Nml69: unknown 21/9, 38/8 
Nml73: unknown 23/43, 51/35 
15 Nml76: probable transoosase for IS 1016 26/9, 81/47 
Nml77: pykA, pyruvate kinase 26/24 
Nml78: probable outer membrane protein 40/9, 65/5, 77/3 
Nml82: probable lipoprotein 9/42, 24/28, 86/17 

Nml83: gbS, socfiunVglutamaJe symport earner protein 3003, 33/29, 62/46, 72/32, 72/40 
20 Nml84: unknown 19/1, 23/8, 57/10, 69/33 

Nml85: /p£,capsule polysaccharide modfficationproteml9/l^ 

Nml86: UpA, capsule polysaccharide modification protein 34/3, 35/29, 41/29, 58/48, 80/4, 93/19 

Nml90: galE2\ truncated UDP-glucose 4-epimerase 55/31 

Nml91: probable truncated modification methylase 86/36 
25 Nml93: probable modification methylase 13/3, 13/21, 15/20, 25/6, 52/8, 56/14 

Nml94: possible transcriptional accessory protein 89/25 

Nml95: ctrD, capsule polysaccharide export ATP-binding protein 18/15, 93/47 

Nml96: ctrC, capsule polysaccharide export inner-membrane protein 59/42, 85/40 

Nml98: ctrA y capsule polysaccharide export outer-membrane protein 13/16, 43/8 
30 

Nm204: rfbB, dTDP-glucose 4,6-dehydratase 28/5 

Nm205: rfbA, glucose- 1-phosphate thymidylyltransferase 78/8 

Nm207: probable integral membrane protein 55/35, 65/45 

Nm215: proC, probable pyrroline-5-carboxylate reductase 88/6 
35 Nm221: possible transposase for IS 1106 12/5, 80/28. 87/21 

Nm222: probable peptide transporter 53/32, 77/44, 91/31 

Nm225: possible lipoprotein 5/36, 15/9 1 , 62/14, 65/14' 

Nm226: probable integral membrane protein 21/19, 38/38, 43/22 

Nm228: unknown 28/25 
40 Nm229: unknown 67/12, 93/38 

Nm230: probable ECF-family RNA polymerase sigma factor 38/4 

Nm233: probable lipoprotein 16/20, 47/34 

Nm236: unknown 63/1 

Nm238: purD, phosphoribosylamine-glycine ligase 58/36 
45 Nm239: unknown 46/44, 79/28 
Nm245: unknown 20/38, 53/44 

Nm247: mutS, DNA mismatch repair protein 11/7, 11/16', 51/9, 56/16, 59/7, 91/44' 
Nm248: possible acetyl transferase 62/12 
Nm249: probable periplasmic protein 70/37 
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Nm251: probable periplasmic protein 1/21, 12/7', 12/17 ,f , 12/19', 19/13", 94/38 
Nm254: fisE, probable ABC transporter ATP-binding protein 78/45 
Nm255: JisX, probable ABC transporter integral membrane protein 16/5, 93/43 
5 Nm259: probable transmembrane transport protein 40/40, 92/11 
Nm260: probable integral membrane protein 46/9 
Nm262: gnd, 6-phosphogluconate dehydrogenase 88/2, 89/26 
Nm266: pilS2 y pilin 91/7 

Nm273: fbp, peptidyl-prolyl cis-trans isomerase 88/16 
10 Nm274: possible glycerate dehydrogenase 39/20', 47/12', 61/7, 87/47* 

Nm279: probable mmibrane-bound lytic muiein transglycosylase 6/29, 7003, 73/24, 767, 87/29', 9S47' 

Nm280: probable integral membrane protein 49/41 

Nm282: possible periplasmic protein 33/35', 49/22, 57/45, 70/38', 72/35 

Nm283: phnA y PhnA protein ortholog 43/25, 59/43 
15 Nm285: probable lipoprotein 38/2, 66/12 

Nm286: possible hydrolase 58/6 

Nm287: tbpA, probable thiamin-binding periplasmic protein 1/38, 74/9, 75/46 
Nm289: unknown 16/1 

Nm290: pilB, probable peptide methionine sulfoxide reductase 41/14, 65/1, 84/26 
20 Nm292: unknown 10/43, 25/41, 45/23 

Nm293: pilC2 y pilus-associated protein 2/26, 84/12, 94/28 

Nm298: probable symport protein 95/14 

Nm299: probable periplasmic protein 55/17, 73/4, 93/5 



25 Nm303: argG, argininosuccinate synthase 24/22 

Nm306: probable transposase for 1S1016 remnant 87/9 
Nm307: unknown 12/28, 30/16 

Nm319: mafB\ possible MafB alternative C-terminus 8/30 
Nm320: unknown 13/43 
30 Nm323: unknown 91/20 

Nm325: mafA, adhesin 5/25, 18/35 
Nm331: unknown 20/11 

Nm333: mqo y probable malate:quinone oxidoreductase 90/48 
Nm335: possible adhesin component 35/11, 79/3 
35 Nm341: unknown 28/16 
Nm342: unknown 61/19 

Nm344: insertion element IS1016 transposase 61/16 
Nm348: putative nuclease 3/30, 20/4 

Nm349: probable integral membrane protein 26/17, 46/7, 49/4, 52/22 
40 Nm353: probable integral membrane protein 22/45', 71/11', 90/40' 

Nm354: folD, methylenetetrahydrofolate dehydrogenase/cyclohydrolase 73/7 

Nm356: possible transferase 55/48 

Nm358: probable periplasmic protein 60/37 

Nm365: probable permease 4/33, 84/46 
45 Nm366: unknown 94/3 

Nm367: tldD, TLDD protein homolog 59/45 

Nm368: probable integral membrane protein 12/36, 36/12, 41/33, 44/20 

Nm369: hemK, HemK protein 81/39 

Nm370: probable integral membrane protein 31/2', 46/43* 
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Nm372: unknown 7/18', 8/27' 

Nm374: ppc, phosphoenolpymvate cartx)xylase 4/47, 14/43, 1838, 41/20, 4603, 63/7, 6tf47, 84/2, 89/37 
Nm380: unknown 46/35 
5 Nm382: unknown 10/9, 84/33 

Nm385: petC, cytochrome CI precursor 21/40 
Nm386: probable periplasmic protein 45/8, 49/37, 69/19 
Nm388: possible secreted DNA ligase 20/26', 21/13 f , 78/21 

Nm392: ptsl y probable phosphoenolpyruvate-protein phosphotransferase 46/10, 65/46 
10 Nm396: unknown 84/44 

Nm397: thiC, thiamin biosynthesis protein 13/33 



Nm404: nlaB, probable l-acyl-SN-glycerol-3-phosphate acy [transferase 83/16 

Nm409: probable amino-acid transport protein 4/24, 34/42, 35/48, 50/8, 60/17, 92/3 
1 5 Nm41 1 : thrB> probable homoserine kinase 85/9 

Nm412: probable glucokinase 13/17, 46/42, 64/43, 79/4 

Nm413: gntP> probable gluconate permease 10/47, 73/13 

Nm414: probable permease 2/16, 5/46, 73/41, 75/25 

Nm417: unknown 74/22 
20 Nm420: probable integral membrane protein 36/6, 44/5, 57/42 

Nm422: probable pseudouridine synthase 6/9\ 13/19, 28/32, 32/2", 64/10, 61/23, 77/18" 

Nm425: unknown 47/7 

Nm428: conserved hypothetical protein 3/31, 50/5, 51/7 
Nm430: possible DNA helicase 50/6 

25 Nm433: hrpA\ ATP-dependent DNA helicase 44/4 
Nm434: hypothetical inner membrane protein 61/14 
Nm435: argj, arginine biosynthesis Afunctional protein 58/24 
Nm436: hypothetical inner membrane protein 73/30, 78/20, 82/42, 93/32 
Nm438: hypothetical protein 79/5 

30 Nm441: conserved hypothetical protein 12/25, 55/44 

Nm442: hypothetical inner membrane protein 63/22, 63/31 

Nm444: probable hydroxyacylglutathione hydrolase 65/42 

Nm445 : purL, phosphOTbosylfonnylglycinam synthase 4/17, 11/5, 2410, 57/12, 534 

Nm451: possible inner membrane transport protein 28/19', 78/19', 81/7* 

35 Nm452: fetB, probable ferric enterobactin periplasmic binding protein 82/25 
Nm453: fetA, probable ferric enterobactin receptor 24/14, 61/34, 70/1 
Nm457: iga2, IgA-specific serine endopeptidase 1C/2, 2605, 27/40, 3C/40, 40/23, 4<V31, 55/19, 73/31 
Nm462: polA> DNA polymerase 1 72/2, 91/45 

Nm465: hypothetical inner membrane protein 25/22, 37/7, 41/4, 71/2 

40 Nm468: lysA, diaminopimelate decarboxylase 67/14, 76/4 

Nm470: possible sodium-dependent inner-membrane transport protein 17/17, 38/41 
Nm476: hypothetical periplasmic protein 22/17, 40/47, 76/48, 84/43 
Nm477: possible para-aminobenzoate synthase component I 61/5 
Nm478: possible outer-membrane peptidase 6/43, 34/40, 82/14 

45 Nm480: aldA, aldehyde dehydrogenase A 91/23 
Nm481: unknown 27/21, 39/2, 52/45, 63/28, 66/23 
Nm482: unknown 24/24 

Nm485: probable ABC transporter ATP-binding subunit 5/4, 16/45 
Nm486: possible ABC transporter inner-membrane subunit 15/32, 54/40 
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Nm488: possible periplasmic transport protein 57/1, 64/14 
Nm489: hypothetical protein 61/13 

Nm490: possible periplasmic/outer-membrane protein 96/22 
5 Nm496: cad, cadmium resistance protein 9/7, 52/2, 73/4, 79/34, 79/37 
Nm497: probable inner-membrane protein 32/3, 71/18 
Nm499: regG, possible regulator of pilE expression 7/44, 87/7 

Nm503: possible transglycosylase 6/19, 11/17*, 16/17' 
10 ' Nm506: possible lipoprotein 6/12, 44/40, 67/44 

Nm508: possible chromosome segregation proteins 42/27 

Nm511: IgtE, lacto-N-neotetraose biosynthesis glycosyl tranferase 3/39, 83/19 

Nm512: atpl, probable ATP synthase 1 8/23 

Nm520: atpC, ATP synthase e chain 55/18 
1 5 Nm524: IgtA, lacto-N-neotetraose biosynthesis glycosyl transferase S8, 1014, 17/5, 21/21,45/34, 5617, 65/8, 8304 

Nm528: unknown 43/2 

Nm531: probable transposase for IS 1106 remnant 90/36 
Nm532: unknown 82/44 

Nm537: possible integral membrane protein 47/45 1 , 69/21, 69/34* 
20 Nm541 : unknown 1/33, 3/46, 15/43, 89/42 

Nm543: hypothetical protein 48/24 

Nm546: unknown 17/32, 20/9 

Nm547: unknown 31/41', 64/26, 81/32* 

Nm549: unknown 79/44 
25 Nm554: possible transposase for IS1016 49/3 

Nm556: possible periplasmic protein 79/30, 82/39, 89/13 

Nm557: mlp, lipoprotein 36/10 

Nm559: leuS, probable leucyl-tRNA synthetase 68/22 

Nm560: drg y probable type II restriction endonuclease 48/36', 57/15', 80/35 
30 Nm561: dam\ pseudogene, probable DNA adenine methylase 54/16 

Nm562: unknown 21/6, 37/43 

Nm563: unknown 33/16 

Nm568: unknown 24/41 

Nm573: unknown 49/12, 87/44 
35 Nm574: unknown 91/37 

Nm575: probable ferric siderophore receptor protein 67/8, 70/46 

Nm579: possible prolyl endopeptidase 21/30, 33/5, 34/43, 61/4 

Nm580: argA, probable acetylglutamate synthase 7/25, 37/34 

Nm582: pyrE, probable orotate phosphoribosyltransferase 19/36, 57/31 
40 Nm587: fba f probable fructose- 1,6-bisphosphate aldolase 21/25, 21/47, 88/22 

Nm590: unknown 72/43 

Nm592: hemL, probable giutamate-l-semialdehyde 2,1-aminomutase 47/10 
Nm594: orn, probable oligoribonuclease 14/25 

Nm599: queA, probable S-adenosylmethionine-ribosyltransferase-isomerase 91/2, 96/23 

45 _ : 

Nm600: unknown 11/28 

Nm601: probable lysR- family transcriptional regulator 47/37, 77/10 
Nm602: carB, carbamoyl phosphate synthase 2/13, 94/39 
Nm609: pilCL pilus-associated protein 50/3, 50/12, 78/48, 79/27 
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Nm612: possible periplasmic thioredoxin 26/7, 58/17 
Nm6l3: probable mar/?-family regulator 92/41 
Nm618: hypothetical protein 5/14', 91/41', 92/45' 
5 Nm619: possible lipopolysaocharide modification acy Itransferase 31/22, 32/36, 41/36', 46G6 1 , 47/14, 7036\ 71/36, 
81/8,96flLl 

Nm625: putative phosphoglycolate phosphatase 4/10 
Nm629: unknown 9/6, 71/27 
Nm630: unknown 10/4 
10 Nm63 1 : unknown 6/46, 9/23, 15/22, 23/6, 34/9, 60/31 
Nm632a: unknown 28/37 
Nm635: unknown 19/47 

Nm636: avtA, probable valine-pyruvate aminotransferase 7/22 
Nm637: pglD, pilin glycosylation protein 34/47, 90/13 
15 Nm638: pglC, pilin glycosylation protein 68/25 

Nm639: pglB, pilin glycosylation protein 41/9, 90/45, 93/45 

Nm643: possible lipopolysaccharide biosynthesis translocase 25/20, 40/37, 43/13, 45/1, 70/19 
Nm646: unknown 7/16 

Nm650: pilQ, pilus secretin 10/33, 40/8, 46/6, 57/47, 69/38, 72/13 
20 Nm651: pilP, probable pilus assembly protein A, C 

Nm652: pilO, probable pilus assembly protein B 

Nm654: pilM, probable pilus assembly protein 19/33', 38/22', 66/42 

Nm655: ponA, penicillin-binding protein 1 33/33 

Nm665: probable peptidase 67/4 
25 Nm668: probable transmembrane transport protein 85/6 

Nm670: possible two-component system sensor kinase 1/14', 17/30, 28/44, 88/21' 

Nm672: unknown 69/23 

Nm679: unknown 1/43, 15/17, 29/37', 53/19, 81/41, 82/27' 

Nm680: possible lipoprotein 30/46 
30 Nm683: possible secretion protein 61/29 

Nm687: probable periplasmic protein 20/28, 34/20, 57/43, 83/4, 87/39, 88/36, 96/46 

Nm688: JftoS-tikegpne 14/26, 1461, 102, 17/21, 27/32',34/30, 41/43, 487,52/26, 55/30, 6(V28> 

67/34, 75K0,82/8,8314> 89/10' 

Nm690: unknown 10/21, 16/25, 22/11 
35 Nm691: unknown 46/46 

Nm692: unknown 4/7, 20/27, 35/7, 83/39, 86/48, 87/26, 91/33 

Nm693: unknown 3/19 

Nm694: unknown 7/17 

Nm695: unknown 32/8', 32/23' 
40 Nm696: unknown 1/40, 7/42, 37/19, 41/46, 83/35, 84/48 

Nm696a: unknown 32/19 

Nm697: unknown 19/18 

Nm698: possible periplasmic protein 34/38, 53/22 



45 Nm707: unknown 16/11, 32/41 

Nm709: probable integral membrane protein 78/35 

Nm714: probable transmembrane hexose transporter 2/14', 5/47, 21/43', 37/15 
Nm715: probable transmembrane transport protein 1/2, 6/45', 15/40', 18/6 
Nm719: aspC y probable aspartate aminotransferase 81/12 
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Nm720: unknown 4/19, 14/7 

Nm722: probable transmembrane transport protein 41/25, 43/33, 65/38 
Nm724: unknown 55/36, 74/15 
5 Nm725: adhA y probable alcohol dehydrogenase 7/20, 51/22 
Nm726: pilV, pseudo-pilin 11/24 

Nm728: probable periplasmic protein 33/30, 43/39, 68/4, 73/44 

Nm729: probable ABC transporter ATP-binding protein 87/13, 92/43 

Nm730: pcssfrletftokfis^ 
10 Nm732: probable integral membrane protein 46/37 

Nm733: probable transposase 53/7 

Nm737: unknown 53/10 

Nm738: possible transcriptional regulator 64/4 

Nm740: unknown 6/10, 59/5 
15 Nm741: possible ubiquinone biosynthesis protein 92/15 

Nm747: nqrF, probable Na + -translocating NADH-ubiquinone reductase subunit F 90/34 

Nm749: nqrD, probable Na(+)-translocating NADH-ubiquinone reductase subunit D 68/43 

Nm750: nqrC, probable Na + -translocating NADH-ubiquinone reductase subunit C 12/45 

Nm751: nqrB, probable Na + -translocating NADH-ubiquinone reductase subunit B 40/2 
20 Nm752: nqrA, probable Na + -translocaling NADH-uttqirinone reductase suburdt A 19/27, 96/39 

Nm753: possible membrane protein 7/46 1 , 19/19, 2821', 32/24, 34/27, 35£7, 42/45, 51/14, 6314, 72/14, 95/42, 

95/45 

Nm755: unknown 40/38, 70/11', 71/6', 73/5", 73/18" 

Nm762: hypothetical protein 18/16', 18/33', 57/7, 90/29 
25 Nm766: probable electron transfer flavoprotein-ubiquinone oxidoreductase 52/36 

Nm768: probable transposase for IS1655 62/25 

Nm784: possible membrane protein 86/42 

Nm786: possible membrane protein 35/20, 63/26, 78/23 

Nm787: hypothetical protein 61/17 
30 Nm788: frpA y exotoxin 55/3, 61/46, 76/27, 88/9 

Nm796: unknown 29/29, 55/25, 92/2 

Nm797: probable two-component system sensor kinase 46/18 



Nm800: possible integral membrane protein 7/10, 21/5, 21/8, 29/28, 42/26, 52/1, 566, 69/14 
35 Nm801 : unknown 6/5', 12/8', 65/47, 87/45 
Nm802: unknown 30/25 

Nm804: possible sec-independent protein translocase component 79/35, 93/25 

Nm806: possible nucleotide-binding protein 58/26, 83/27 

Nm808: probable zinc-binding alcohol dehydrogenase 94/42 
40 Nm810: unklnown 1/36, 55/11 

Nm816: probable polyamine permease ATP-binding protein 19/8 

Nm817: probable polyamine permease inner-membrane protein 9/36, 73/29 

Nm8l8: probable polyamine permease inner-membrane protein 38/13, 47/28, 50/32 

Nm819: possible oxidoreductase 56/6, 88/43, 89/19', 96/31' 
45 Nm820: amtB, probable ammonium transporter 5/30 

Nm822: probable IS1106 transposase 88/19 

Nm823: probable transposase remnant 12/12 

Nm825: rho, transcription termination factor 71/4 

Nm826: ppsA, probable phosphoenolpyruvate synthase 8/47, 21/41, 39/5, 47/20 
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Nm827: unknown 7/11, 20/37 
Nm828: probable phosphatase 36/3, 44/7 
Nm829: unknown 70/22', 73/22' 
5 Nm832: possible glycosyl transferase 14/29, 48/26, 56/46, 74/1 

Nm836: prfC, probable peptide chain release factor 3 56/29, 66/29, 76/12, 87/37 
Nm837: hisl, probable phosphoribosyl-AMP cyclohydrolase 78/40 
Nm839 : IvsA, probable phosphoribosylfcmTimm carboxamide ribotide isomerase 8(V46 

Nm840: hisH, probable imidazole-glycerol phosphate synthase amidotransferase component 43/42 
10 Nm843: fbpB, probable iron-uptake permease inner-membrane protein 56/34 
Nm845: unknown 6/8, 59/47, 69/26 
Nm847: argH, probable argininosuccinate lyase 95/5 

Nm848: galU, probable UTP-glucose-1 -phosphate uridylyl transferase 32/37 
Nm853: mafB3, probable adhesin 26/3', 48/25, 83/26' 
15 Nm854: unknown 76/2, 78/33 

Nm858: unknown 34/17, 35/23, 74/17 

Nm860: apaH y probable bis(5'-nucleosyl)-tetraphosphatase 25/9, 62/35 

Nm86l: unknown 73/20 

Nm862: nspA, outer membrane protein 72/27 
20 Nm864: probable porphyrin oxidoreductase 26/18, 29/31 

Nm867: ampD, probable anhydro-N-acetylmuramyl-tripeptide amidase 48/6 

Nm868: possible periplasmic protein 46/19, 83/22 

Nm872: lpxK y probable tetra-acyl-disaccharide kinase 86/1 

Nm873: possible periplasmic protein 13/5, 82/35 
25 Nm876: unknown 72/28 

Nm879: trpA, probable tryptophan synthase a chain 19/24', 46/15, 48/32, 65/48' 

Nm881: cnpl, possible periplasmic protein 49/43 

Nm884: pyrC, probable dihydroorotase 1/37, 89/9 

Nm888: rac, probable ribonuclease HI 6/47 
30 Nm890: trpF, probable N-(5'-phosphoribosyl)anthranilate isomerase 95/39 

Nm892: purF, probable amidophosphoribosyltransferase 58/32, 60/4, 71/34 

Nm897:/b/7, possible transcriptional regulator 32/18 



Nm900: possible amino acid permease ATP-binding protein 12/33, 86/32 
35 Nm902: ksgA, probable dimethyladenosine transferase 38/14 
Nm904: ^probable tryptophan synth^ 
96/2S 

Nm905: iga, IgA 1 protease 1/39, 7/1, 9/25, 12tf4> 34/29, 42/7, 4510, 465, 59/40, 62/2, 64/46, 6^43 

Nm909: probable transmembrane transport protein 1/28, 9/22, 25/8, 83/40 
40 Nm9 15: unknown 3/37 

Nm9l6: unknown 32/35 

Nm919: possible pseudogene 33/46 

Nm92 1 : possible pseudogene 46/13, 67/13 

Nm925: possible cytochrome C 15/38 
45 Nm928: tgt, probable queuine tRNA-ribosyltransferase 95/9 

Nm935: unknown 4/28, 57/35, 75/44 

Nm936: unknown 31/17 

Nm941: unknown 2/45, 84/6 



37/110 



WO 03/060120 



Figure 2A - suite 



CT/FR02/04587 



Nm942: bioA, probable aderwsylrnefa^ 
73/42' 

Nm944: unknown 7/13', 26/42', 91/12 
5 Nm947: possible kinase/phosphatase 39/42 
Nm948: unknown 32/25, 53/33, 83/17 

Nm952: recN, probable DNA repair protein 57/41, 68/11, 75/35, 83/20 
Nm955: unknown 5/7, 26/4 
Nm957: unknown 66/3 
10 Nm960: unknown 39/36 

Nm962: probable D-alanyl-I>alanine^enciopeptidase 1/48, 23/16, 2834, 5321, 5618, 57/3, 9616 
Nm963: unknown 35/41', 38/44 f 

Nm968: purC, probable phosphoribosylaminoimidazole-succinocarboxamide synthase 5/15, 51/4 

Nm971: possible lipoprotein 45/4, 45/33, 72/39 
15 Nm973: probable integral membrane protein 7/40, 44/34, 89/5 

Nm977: lepA, probable GTP-binding protein 50/17, 61/30, 90/15, 95/22 

Nm979: pilT2 y possible pilus retraction protein 90/19 

Nm981: possible pilus biogenesis protein 11/22 

Nm982: unknown 1/24, 7/33, 30/5 
20 Nm987: probable secreted protein 64/5, 91/6 

Nm990: unknown 49/1, 51/1, 80/2 

Nm992: radA 7 probable DNA repair protein 44/16 

Nm993: possible periplasmic protein 65/41', 72/33' 

Nm994: possible periplasmic protein 16/39', 22/39' 
25 Nm995: recB, probable exodeoxyribonuclease V B chain 8/42, 9/28, 22/40', 41/35' 

Nm996: unknown 23/21, 40/14, 54/19 

Nm999: probable amino acid permease integral membrane protein 17/2, 73/39 



NmlOOl: pgm, phosphoglucomutase 2/46, 6/35, 25/5, 92/48, 94/2 
30 Nml002: ppiB, probable peptidyl-prolyl cis-trans isomerase B 94/18 

Nml003: probable transmembrane transport protein 29/42, 48/44, 61/27 

Nml008: ftsJ, probable cell division protein 15/1, 29/7 

Nml012: probable carbon-sulphur lyase 6/28,68/16, 92/4 

Nml015: probable NAD(P)H-flavin oxidoreductase 25/14', 27/19', 29/32 
35 Nml016: probable RNA-binding protein 68/45, 93/44 

Nml019: unknown 37/37, 48/30 

Nml020: probable tef/f-family transcriptional regulator 28/41, 77/33 

Nml022: possible transmembrane efflux protein 8/22, 37/27, 61/18, 62/18, 82/48 

Nml023: unknown 32/39 

40 Nml025: unknown 95/41 

Nml034: rfaE, probable ADP-heptose synthetase 13/6, 76/8 
Nml035: nmgll, probable modification methylase 31/44, 60/25, 93/11 
Nml036: nmgl, possible type II restriction endonuclease 21/44, 45/40, 54/9, 63/43 
Nml037: rfaD, probable ADP-L-glycero-mannoheptose epimerase 7/30, 47/39 

45 Nml048: unknown 15/46, 18/3, 28/40', 34/48', 35/37' 
Nml049: unknown 25/2 

Nml051: possible membrane protein 25/46, 60/2 

Nml052: recJ, probable single-stranded-DNA-specific exonuclease 43/9 
Nml054: possible periplasmic protein 6/2', 31/33', 70/31, 96/9' 
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Nml056: unknown 5/1, 42/33, 78/12 

Nml058: unknown 45/30', 74/19', 79/41 

Nml059: possible periplasmic protein 24/8, 75/18 
5 Nml062: rdgC, unknown 2/39, 22/7, 46/31, 84/13 

Nm 1068 : unknown 27/29, 51/48, 73/40, 89/8 

Nml 070: unknown 66/8 

Nml072: unknown 79/47 

Nml073: unknown 11/13, 83/7 
10 Nml074: possible membrane protein 10/16, 20/42, 47/27 

Nml076: unknown 40/12 

Nml083: possible periplasmic protein 13/45 

Nml084: possible periplasmic protein 15/26, 44/6 

Nml085: unknown 48/19, 82/12 
15 Nml086: unknown 7/35, 13/9, 21/36 

Nml087: possible transferase 2/10, 4/29, 49/5, 54/41, 84/17', 87/6', 96/43 

Nml088: panB, probable 3-methyl-2-hydroxymethyItransferase 89/43 

Nml090: possible periplasmic protein 7/27, 19/12, 43/47, 72/7 

Nml091: possible outer membrane lipoprotein 66/9, 72/20 
20 Nml095: probable Manyl-I>cait»xypq5tidase 17/25, 3534, 37/28, 4(V34, 43/21, 54/25 

Nml096: ilvA, probable threonine dehydratase biosynthetic 33/42, 55/33 

Nml097: cysA, probable sulphate permease ATP-binding protein 41/7 

Nml099: unknown 77/46 



25 Nml 104: sodB, probable superoxide dismutase 33/15 
Nmll06: unknown 78/46 

Nml 107: possible membrane protein 30/18, 49/35', 50/25, 59/35', 61/35*, 68/35', 74/35', 
96/8' 

Nml 108: possible membrane protein 22/9, 34/7 
30 Nml 109: possible membrane protein 22/16, 75/27 
Nml 1 10: probable pilin 12/39, 41/23 
Nml 111: unknown 18/19 
Nml 113: probable aminotransferase 40/25, 95/3 

Nml 118: 1st, OVlP-N-acetylneuiamn 9/46', 39/23', 43/37, 65/40, 

35 73/46,948 

Nml 126: probable transmembrane transport protein 1428, 4536, 4638', 67/38, 7438', 8838', 89/32' 
Nml 128: possible membrane protein 59/12, 70/42 
Nml 134: possible lipoprotein 11/25 
Nml 135: unknown 69/3, 74/46 
40 Nml 136: metX, probable homoserine O-acetyltransferase 3/11, 14/42, 69/4, 76/9 
Nml 138: rpmE2, possible additional SOS ribosomal protein L31 96/2 
Nm 1 1 39: metF, probable 540-methylenetetrahydrofolate reductase 51/13, 54/33, 69/29, 91/19, 92/29 
Nm 1 1 40: metE, probable 5-methyhetrahydropteroyltigh^^ methyltransferase 48/28, 58/30, 



45 Nml 141: possible redoxin 84/37 

Nml 143: sdhC, probable succinate dehydrogenase cytochrome B subunit 92/23 
Nml 144: sdhD, probable succinate dehydrogenase hydrophobic membrane anchor protein 51/23, 86/23 
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Nml 145: sdhA, probable succinate dehydrogenase flavoprotein subunit 4/39', 23/3, 27/18, 27/31 *, 35/47, 61/10, 
64/18,66/11,8536 

Nml 146: sdhB, probable succinate dehydrogenase iron-sulphur protein 18/44, 22/41 
5 Nml 148: gltA, probable citrate synthase 16/6', 20/34', 21/1, 58/11, 81/36 

Nml 149: sucA, probable 2-oxoglutarate dehydrogenase El component 15/24, 76/41 
Nml 151: lpdA3, probable dihydrolipoamide dehydrogenase E3 component 46/22 
Nml 152: possible membrane protein 13/7, 59/2, 93/18, 95/6 
Nml 153: sucC, probable succinyl-CoA synthetase 6 subunit 71/29, 76/3 
10 Nml 154: sucD, probable probable succinyl-CoA synthetase a subunit 37/25 
Nml 155: unknown 52/30, 90/35 

Nml 159: uvrA, excinuclease ABC subunit A 67/10, 68/38 
Nml 160: possible membrane protein 80/11 

Nml 161: probable outer-membrane receptor protein 34/18, 54/34, 67/16 
15 Nml 162: unknown 85/1', 96/1' 

Nml 163: trpG, probable anthranilate synthase component n 26/22', 38/1, 48/1' 

Nml 164: trpD, probable anthranilate phosphoribosyltransferase 9/19, 45/29, 64/2 

Nml 166: possible transposase for 1S1016 remnant 86/12 

Nml 167: possible phage protein 69/25 
20 Nml 172: unknown 54/38 

Nml 174: unknown 11/45, 69/12, 88/26 

Nml 177: pntA, probable NAD(P) transhydrogenase a subunit 84/45 

Nml 181: probable integral membrane protein 21/27 

Nml 1 83 : unknown 67/37, 81/40 
25 Nml 1 86: unknown 12/18', 26/47', 28/18', 50/35, 84/9 

Nml 194: unknown 60/21, 89/18 

Nml 195: unknown 6/33, 69/32, 74/5 

Nml 196: unknown 8/44, 65/28 

Nml 198: possible DNA-binding protein 59/9 
30 Nml 199: probable transposase for IS1106A3 58/9. 62/23 



Nml200: probable surface fibril protein 26/45, 47/19', 52/12', 65/18, 77/29 

Nml201: probable rubredoxin 32/40, 82/47 

Nml204: unknown 72/10 
35 Nml206: probable oxidoreductase 6/48, 26/29, 34/8, 40/43, 59/16, 62/10, 63/33, 64/33, 68/46, 77/17 

Nml207: unknown 14/24, 38/21, 38/34 

Nml208: unknown 72/9 

Nml212: possible transposase 78/39 

Nml228: unknown 23/29, 46/41 
40 Nml233: hypothetical protein 14/2, 20/45', 30/1' 

Nml234: possible transposase 12/10 

Nml237: unknown 56/28 

Nml239: pseudogene. probable transposase 80/27 
Nml 243: probable sulphate-binding protein 7/26 
45 Nml246: unknown 15/33, 17/36 

Nml248: possible periplasmic protein 5/37 

Nml249: abcZ, probable ABC transporter ATP-bindSng protein 2/8, 34/24, 40/10', 40/48', 42/35, 62/7, 78/6 
Nml250: dedA, hypothetical protein 19/5 
Nml253: probable transposase for IS7iQ6~ 88/5 
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Nml254: glyA, probable serine hydroxymethyltransferase 42/20 

Nm 1 25 5 : £#r, probable gamma-glutamyltranspeptidase 148, 31/11, 58/43, 6524, 84/25, 89/34, 92/27, 9405 
Nml263: unknown 89/16 

Nml266: possible cell-division protein 30/7, 53/12, 60/1 

Nml267: proA, probable gamma-glutamyl phosphate reductase 59/32, 60/42 

Nml270: leuA, probable 2-isopropylmalate synthase 21/42 

Nml272: unknown 95/2 

Nml276: possible membrane protein 5/43, 16/13, 20/40, 52/41, 69/24, 69/40 
5 Nml283: unknown 82/36 

Nml284: possible phage transposase 54/7 

Nml285: unknown 94/37 

Nml286: possible phage transposase 82/19 



10 Nml307: unknown 95/32 

Nml313: unknown 18/13', 20/16, 22/18, 38/6, 74/43', 77/37', 94/35 
Nml314: unknown 30/21 

Nml315: unknown 18/31*, 76/10", 81/10", 86/7', 93/10" 
Nml318: possible phage protein 83/9 
15 Nml323: unknown 72/6 

Nml325: possible phage tail fibre protein 15/19 
Nml329: unknown 72/45 

Nml331: ABC transporter ATP-binding protein 3/43, 22/25 
Nml332: possible periplasmic protein 85/22 
20 Nml334: possible periplasmic protein 1/32, 43/17', 70/33' 
Nml335: possible periplasmic protein 26/8 
Nml341: unknown 12/46, 35/19 

Nml343: unknown 46/21', 50/34', 53/36, 59/17, 72/26, 79/32, 86/30 
Nml348: unknown 76/13 
25 Nm 1 35 1 : possible RNA methyltransferase 49/48, 69/28, 76/37 
Nml353: possible lipoprotein 79/10, 87/3 

Nml356: /^.TJDP-N-aoetylmuranTai^^ 11/38,12/15,64/27 
Nml360: unknown 57/21 

Nml362: cysl, probable sulphite reductase B subunit 25/23', 26/5', 63/9, 73/9', 78/9', 94/30' 
30 Nml363: cysJ, probable sulphite reductase a subunit 4/38, 11/12, 54/2, 66/2, 67/3 

Nml365: cysD, probable sulphate adenylate transferase subunit 2 19/29, 31/34 

Nml366: cysH, probable phosphoadenosinephosphosulfate reductase 8/32 

Nml367: cysG, sirohaem synthase 53/16 

Nml368: possible membrane protein 80/6 
35 Nml369: unknown 8/34, 31/9, 63/5 

Nml371: vacB, probable ribonuclease 2/42, 32/12, 40/33, 58/12, 69/16, 77/16, 81/16, 93/7 

Nml372: guaB, probable inosine-5-monophosphate dehydrogenase 65/17 

Nml373: unknown 11/32, 27/42', 30/45', 62/20, 63/21, 70/29, 82/21 

Nml374: glnD, probable [protein-PH] uridylyltransferase 47/9, 60/47 
40 Nml375: possible transcriptional regulator 72/47, 73/36, 95/8 

Nml380: unknown 70/9 

Nml381: probable integral membrane protein 74/27, 74/45 
Nml383: possible membrane protein 32/31 

Nm 1 385 : probable type I restriction-modification system modification protein 30/2, 32/33, 50/2, 83/38', 90/6, 90/31, 93/14' 



41/110 



WO 03/060120 



Figure 2A - suite 



•CT/FR02/04587 



Nml391: possible periplasmic protein 60/48, 79/48, 84/23, 84/29 
Nml393: possible ABC transporter ATP-binding protein 11/31 
Nml394: unknown 74/23 
5 Nml395: horn, probable homoserine dehydrogenase 16/37 

Nml401: recD, exodeoxyribonuclease V a subunit 14/39, 31/25 
Nml406: recR, possible recombination protein 71/47, 75/8 
Nml408: unknown 12/31 
10 Nml409: probable ABC-transporter ATP-binding protein 10/42, 18/21, 50/21 
Nml414: possible periplasmic protein 80/45 
Nml415: unknown 7/47, 57/47 

Nml417: possible molybdopterin-guanine dinucleotide biosynthesis protein A 10/20, 2G/33\ 32/34, 34/28', 38G0 
Nml418: probable two-component system sensor kinase 84/36, 87/16 
15 Nml419: probable two-component system response regulator 47/30 
Nml420: unknown 88/37 

Nml421: purM, probable phosphoribosylformylglycinamidine cyclo-ligase 7/5 
Nml425: rib A, probable GTP cyclohydrolase H 91/3 
Nml426: unknown 81/44 
20 Nml427: probable glycosyl transferase 41/19, 42/9, 43/45, 47/38, 56/45 

Nml432: possible type I restriction enzyme system modification protein 57/30 
Nml435: unknown 19/6, 37/24, 45/44, 70/5, 84/5, 90/47 
Nml436: unknown 7/2, 45/11, 64/13 

Nml437: probable Zys/?-family transcriptional regulator 55/12, 62/6 
25 Nml438: possible integral membrane protein 15/6, 26/16, 30/15, 89/6 

Nml440: thrC, probable threonine synthase 87/24 

Nml441: unknown 21/31, 34/6 

Nml443: unknown 55/27 

Nml445: unknown 9/15, 72/30 
30 Nml446: possible periplasmic protein 18/14, 66/43 

Nml447: unknown 53/1, 68/37, 76/36, 81/6 

Nml448: radC y probable DNA repair protein 3/36, 4/45 

Nml449: gshA, probable glutamate-cysteine ligase 80/43 

Nml450: leuC, probable 3-isopropylmalate dehydratase large subunit 68/2 
35 Nml456: leuB y probable 3-isopropylmalate dehydrogenase 4/9, 23/14, 33/24, 40/35, 77/24 

Nml457: possible periplasmic protein 61/47, 75/33 

Nml459: aspA, probable aspartate ammonia-lyase 19/34, 40/46, 44/45, 52/9, 64/3 
Nml460: probable integral membrane protein 11/27 
Nml461: probable rfno/-family protein 5/35, 76/29, 85/46 
40 Nm 1462: unknown 38/7 
Nml463: unknown 72/38 

Nml465: unknown 20/30, 22/8, 50/29, 88/3, 95/25 

Nml466: probable type III restriction-modification system endonuclease protein 8/43, 77/2 
Nml467: type III restriction-modification system 4/25 1 , 27/23', 30/36, 55/16, 87/30 
45 Nml473: unknown 9/41, 15/35, 52/34, 91/27 
Nml474: unknown 42/11, 66/19 

Nml475: unknown 7^88^24/12, 4^48,47/1, 62/43^ 82^ 86«,92/5 , ^92^ m , 92/44 
Nml478: possible polysaccharide modification protein 33/4 
Nml481: probable transposase for IS 1655 63/8 
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Nml482: probable acyl-CoA ligase 5/39, 17/27, 30/31 
Nml483: probable transmembrane transport protein 10/34, 14/11, 63/3, 72/8 
Nml485: gen site-specific recombinase 13/39, 15/48, 31/3 
5 Nml487: possible transposase for IS 10 16 54/28 
Nml488: mltB, murein hydrolase 43/6 

Nml491: mfd 9 transcription-repair coupling factor 14/3, 70/47 
Nml498: nrdB, ribonucleoside diphosphate reductase I 6 chain 38/31 



10 Nml500: probable modification methylase 19/37', 36/37', 62/37 

Nml504: plsC, l-acyl-SN-glycerol-3-phosphate acyltransferase 49/15, 54/35 
Nml505: fpg, formamidopyrimidine-DNA glycosylase 41/40 

Nml507: possible membrane-bound lytic mmein transglycosylase 5/28, 32/48, 5460, 61/39, 79/18, 865', 90/27 

Nml508: possible ribosomal small subunit pseudouridine synthase 19/21, 56/44 
15 Nml509: possible sodium-dependent transporter 14/21, 25/25, 26/44, 50/24, 76/19 

Nml518: adhC,gateMon£-^^ 

Nml519: esd, esterase D 13/44, 21/38, 43/7 

Nml520: possible nucleoti de-binding protein 22/46, 86/25 

Nml522: conserved hypothetical protein 63/32 
20 Nml523: possible lipoprotein 19/4, 30/38, 70/3, 86/43, 96/4 

Nml524: conserved hypothetical protein 37/13, 79/43 

Nml526: tig, trigger factor 40/21, 85/44, 86/15 

Nml528: uraA y uracil permease 10/22, 40/6, 51/32 

Nml533: conserved hypothetical integral membrane protein 7/14, 14/27, 62/30 
25 Nml539: probable cation-transporting ATPase 39/17, 53/30, 54/32, 95/15 

Nml540: wvrC, excinuclease ABC subunit C 50/26, 63/12, 65/26, 80/20, 83/2 

Nml541: unknown 3/5, 43/11 

Nml542: conserved hypothetical protein 96/42 

Nml545: uvrB, excinuclease ABC subunit B 43/4, 52/13 
30 Nml546: possible carboxy-terminal processing protease 23/2 

Nml547: possible secreted lysine-rich protein 8/3, 25/42, 82/2 

Nml549: possible lipoprotein 43/34, 87/34 

Nml552: possible hydrolase 38/18 

Nml556: IpdA, dihydrolipoamide dehydrogenase 22/34 
35 Nml557: unknown 11/11, 42/14, 61/1, 75/38, 78/31, 84/7, 90/14 

Nml558: possible TonB-dependent receptor protein 1/31% 23/44, 5033, 53/6, 82/38, 83^, 89/41 

Nml560: SpoU methylase family protein 19/28, 21/22 

Nml563: Sun-family protein 36/32, 57/32 

Nml565: probable aldehyde dehydrogenase 2/36, 32/28, 74/31 
40 Nml566: conserved hypothetical protein 41/42, 88/29 

Nml569: possible membrane protein 43/27, 54/22 

Nml571: iron/sulphur-binding oxidoreductase 32/15, 65/20, 90/18 

Nml574: possible integral membrane transporter 11/J5 1 , 36/17, 4617, 46G0, 67/6, 74/48, 9069' 

Nml575: xseA, exonuclease VII large subunit 6/23 
45 Nml577: unknown 12/6, 21/28 

Nml579: unknown 19/48, 31/43, 66/14 

Nml580: probable ATP-dependent RNA helicase 53/9\ 27/30*, 46/40', 83/48', 90/5 
Nml581: possible membrane lipoprotein 24/1, 75/14 
Nml584: argD, acetylornithine aminotransferase 9/48, 17/43 
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Nml589: conserved hypothetical protein 45/18 

Nml590: probable type III restriction/modification system modification methylase 15/5 
Nml592: Mi,Uactaiedehyc^ 

5 

Nml603: unknown 48/41, 96/13 

Nml604: pgil, glucose-6-phosphate isomerase 29/40 

Nml607: glk, glucokinase 51/26 

Nml612: possible zinc-binding alcohol dehydrogenase 81/23 
10 Nml614: mutY, adenine glycosylase 30/37 

Nml617: sodC, superoxide dismutase 1/47, 58/34, 69/30', 82/7' 

Nml620: probable cytolysin secretion ABC transporter 73/38, 79/7 

Nml624: possible integral membrane protein 84/27', 84/28' 

Nml625: probable RTX-family exoprotein 88/48 
15 Nml628: unknown 53/17 

Nml637: unknown 53/29 

Nml639: probable integral membrane protein 61/48, 78/13 
Nml640: possible aminopeptidase 32/10, 87/14 
Nml641: probable insertion element 1S1106 transp osase 80/30. 80/39 
20 Nml642: porA, porin, class I outer membrane protein 6/4 
Nml645: possible lipoprotein 86/10, 92/13 

Nml646: phospholipase D-family protein 8/36 1 , 14/4, 40/22, 60/41, 88/12', 95/48 
Nml647: probable integral membrane protein 4/14', 10/3, 16/48', 27/35, 67/48 
Nml648: conserved hypothetical protein 70/24 
25 Nml649: conserved hypothetical protein 18/22 

Nml651: purE, phosphoribosylaminoimidazole carboxylase catalytic subunit 60/29 
Nml652: possible periplasmic protein 54/17 
Nml654: unknown 39/10, 59/36 

Nml655: mutL, DNA mismatch repair protein 21/5, 57/18 
30 Nml658: recA, RecA protein 38/33 

Nml659: aroD, 3-dehydroquinate dehydratase 42/5 

Nml660: rep, ATP-dependent DNA helicase 20/47, 22/2, 71/37 

Nml661: impBlmucBlsamB family protein 69/9 

Nml662: unknown 77/7 
35 Nml665: possible DNA polymerase III subunit 3/48', 9/27, 25/39, 34/45', 65/35 

Nml666: unknown 23/32, 45/12, 60/6 

Nml668: possible ferredoxin 32/7 

Nml671: conserved hypothetical protein 26/33 

Nml678: unknown 56/27, 62/27 
40 Nml679: ppX/gppA, possible exophosphatase 4/44, 45/46 

Nml683: clpB, ClpB protein 8/48, 52/46, 62/34, 78/3 

Nml685: possible tautomerase 50/28 

Nml686: possible periplasmic protein 21/7', 35/24', 84/4 

Nml687: probable glutamate dehydrogenase 15/36, 22/20, 31/48, 64/36 
45 Nml688: probable phosphatase 22/10 

Nml689: possible regulatory protein 9/9, 78/30 

Nml690: unknown 11/4 

Nml691: possible acyl-CoA hydrolase 25/11, 69/46, 88/35 
Nml692: possible membrane peptidase 13/8, 70/17 
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Nml694: conserved hypothetical integral membrane protein 17/18, 56/31, 95/18 
Nml698: probable integral membrane protein (CstA-like) 38/5, 79/2 
Nml699: conserved hypothetical protein 42/32 

5 . 

Nml700: possible outer-membrane substrate binding protein 27/43, 75/6 
Nml702: rbK ribonuclease 6/34', 8/39' 
Nml704: conserved hypothetical protein 65/32 
Nml705: unknown 73/1 
10 Nml706: pncB, nicotinic acid phosphoribosyltransferase 23/27, 45/35, 84/38, 91/46 
Nml709: hnrKing-prcten<i^)endent transport system inner membimie protein 3/28', 8/9, 24/40, 4S38' 
Nml715: possible integral membrane protein 11/20, 37/41, 50/30, 77/6 
Nml717: unknown 29/9 

Nml719: possible disulphide isomerase 52/37, 59/23 
15 Nml720: unknown 8/26 

Nml722: possible cis-trans isomerase 3/47, 61/2 

Nml723: possible proline-rich repeat protein 96/24 

Nml725: possible virulence associated protein 81/26 

Nml727: rfaF, ADP-heptose:LPS heptosyltransferase II 70/7 
20 Nml730: dapE, succinyl-diaminopimelate desuccinylase 57/37 

Nml731: conserved hypothetical protein 94/27 

Nml732: conserved hypothetical protein 51/10 

Nml740: IbpB, lactoferrin-binding protein 17/40, 32/21, 37/17, 74/4 

Nml743:/bdD, long-chain-fatty-acid-CoA-ligase 25/47, 31/32, 67/21 
25 Nml747: gshB y glutathione synthetase 51/1, 57/36 

Nml749: glpR, glycerol 3-phosphate regulon repressor 63/24 

Nml750: hypothetical integral membrane protein 49/24 

Nml751: possible gntR-f amily transcriptional regulator 90/30 

Nml752: unknown 87/46 
30 Nml753: unknown 85/45 

Nml754: unknown 14/35, 26/11 

Nml755: purN, phosphoribosylglycinamide transformylase 2/2, 22/24 

Nml756: possible peptidyl-prolyl isomerase 1/42, 15/10, 63/4 

Nml761: acnB, aconitate hydratase 80/5 
35 Nml764: conserved hypothetical protein 26/36 

Nml765: ilvH, acetolactate synthase isozyme III small subunit 12/42, 52/29, 66/41 

Nml767: possible lipoprotein 41/28, 82/37, 96/34 

Nml768: hisG t ATP phosphoribosyltransferase 16/3 

Nml770: hisD, histidinol dehydrogenase 43/10, 70/48 
40 Nml771: hisC t histidinol-phosphate aminotransferase 19/39, 39/40, 83/45 

Nml772: hisB, imidazoleglycerol-phosphate dehydratase 61/9 

Nml775: partial ORP 93/46 

Nml777: possible integral membrane protein 66/26, 70/45 
Nml778: possible secreted protease 35/1 
45 Nml783: AraC-family transcriptional regulator 15/30, 15/37, 51/3 
Nml784: unknown 9/18, 64/28, 74/16 

Nml785: conserved hypothetical integral membrane protein 96/15 

Nml786: possible polyamine permease substrate-binding protein 29/6, 58/16, 76/45, 96/5 



45/110 



WO 03/060120 



Figure 2A - suite 



'CT/FR02/04587 



Nml803: possible two component sensor kinase 33/9, 49/2, 52/23, 65/36 
Nml810: unknown 38/27 

Nml812: fumA y fumarate hydratase 2/15, 4/41, 45/19, 53/3, 54/45, 88/41, 90/37 
5 Nml816: conserved, possible DNA-binding, hypothetical protein 30/19, 93/12 
Nml819: conserved hypothetical protein 12/35, 91/8, 92/21 
Nml820: gpxA, glutathione peroxidase 1/13, 60/44, 94/1 

Nml886: nor, nitric oxide rediictase 4^0,838, 107, 12/43, i:V20,3(W0, 39/47, 64^7,67/32,7020,78/5,8016 

Nml887: aniA y nitrite reductase 17/6 
10 Nml888: unknown 71/42 

Nml892: conserved hypothetical protein 2/27, 83/24 

Nml894: serC, phosphoserine aminotransferase 36/4 

Nml898: possible integral membrane protein 42/13 

Nml899: possible integral membrane protein 56/11 
15 

Nml900: .possible haemolysin 8/12, 41/6, 55/4 

Nml901: possible sodium-alanine symporter 2/9, 22/5 

Nml905: AsnC-family transcriptional regulator 29/16 

Nml911: possible periplasmic protein 32/6 
20 Nml912: conserved hypothetical protein 62/44 

Nml914: unknown 24/20 

Nml917: spoT, guanosine-3\5 -bis(diphosphate) 3'-pyrophophohydrolase 66/6 

Nml920: apt, adenine phosphoribosyltransferase 9/35', 13/35', 34/1, 49/6 

Nml921: conserved hypothetical protein 58/4', 86/44 1 
25 Nml923: probable protease 87/25, 92/46 

Nml925: hmbR, haemoglobin receptor 11/19', 25/40, 62/9', 75/2, 85/31, 86/9 

Nml927: hemO, haem utilisation protein 88/23 

Nml928: hypothetical integral membrane protein 53/47, 75/9, 93/33 

Nml929: hypothetical integral membrane protein 9/40, 42/2, 87/32 
30 Nml930: possible lipoprotein 87/27 

Nml932: possible lipase 92/34 

Nml933: possible integral membrane protein 39/45, 44/38 

Nml934: gcvP 7 glycine dehydrogenase 423, 1869, 21/35, 24/27, 32/27, 47/4, 5172, 52/17, 87£ 

Nml935: unknown 29/11, 59/44, 95/10 
35 Nml936: probable cytochrome 63/35', 71/35' 

Nml937: tyrB, aromatic amino acid amirK)transfaase 2/30, 2009, 3629, 45/7, 47>36 ? , 57/6 f , 63T23 

Nml938: trmA, tRNA uracil-5-methyltransferase 16/21 

Nml939: aroC, chorismate synthase 88/14 

Nml940: unknown 23/31, 60/45, 94/19 
40 Nml944: IdhA, D-lactate dehydrogenase 60/10, 62/16, 73/17 

Nml946: conserved hypothetical protein 18/28 

Nml947: arts, L-asparaginase 30/43, 48/18, 59/33, 88/34 

Nml948: DedA-family integral membrane protein 92/1 

Nml951: unknown 4/6, 14/30, 37/39, 48/4, 67/43', 89/1' 
45 Nml952: conserved hypothetical protein 68/31 

Nml953: unknown 66/27, 80/23 

Nml954: possible integral membrane protein 48/34, 54/23, 63/10, 63/27 
Nml956: transoosase for 1S1016 61/28, 89/2 

Nml957: JabF2 y 3^xoacyKacyl<anierirotein) synthase II 11/44, 17/8, 25/17, 42/42, 43/18, 44/46 
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Nml958: lgtF 9 B- 1,4-glucosyl transferase 3/15', 23/19', 57/ll M , 71/8" 
Nml960: unknown 2/11', 16/28, 27/11', 33/20, 43/23 
Nml961: probable integral membrane ion transporter 10/12, 28/47, 55/21 
5 Nml966: possible integral membrane protein 33/31, 33/32 

Nml969: mtrD, probable drug efflux protein 36/36', 55/14, 60/36, 79/36', 83/18 
Nml970: mtrC, membrane fusion protein 47/42', 76/30, 90/1, 92/42' 
Nml972: unknown 76/35 

Nml973: hypothetical integral membrane protein 2/40, 12/2, 22/35 
10 Nml974: recC, exodeoxyribonuclease V 62/21 

Nml975: possible integral membrane protein 27/20, 55/5, 94/9 

Nml983: exbD, biopolymer transport protein 85/3 

Nml984: exbB, biopolymer transport protein 37/33 

Nml988: possible integral membrane protein 55/45, 81/13 
15 Nml989: hypothetical integral membrane protein 64/40 

Nml991: relA y GTP pyrophosphokinase 17/23, 67/2 

Nml994: natC, possible periplasmic type I secretion system protein 28/3, 53/26 

Nml996: natD\ possible periplasmic type I secretion system protein, N-terminal region 6/42, 87/40 

Nml998: unknown 51/29 

20 . - 

Nm2005: probable cell-surface protein 25/31, 86/14 
Nm2007: unknown 12/24, 48/29, 56/35 
Nm2009: unknown 3/10, 20/5, 25/33 

Nm2010: hypothetical protein 5/10, 24/3, 49/17, 50/18, 54/31, 64/12 
25 Nm201 1: conserved hypothetical protein 21/18, 69/36, 72/36, 94/36', 95/36' 
Nm2012: conserved hypothetical protein 43/12 
Nm2013: bioF, 8-amino-7-oxonoanoate synthase 35/3 
Nm2014: unknown 26/31 

Nm2015: possible integral membrane transport protein 72/37 
30 Nm2016: speB 9 agmatinase 1/46', 31/30, 34/31, 42/46', 70/26 

Nm2017: speA, biosynthetic arginine decarboxylase 88/8 

Nm2020: possible integral membrane protein 92/18 

Nm2021: possible phospholipase 3/38, 86/34 

Nm2024: tbpA, transferrin-binding protein A 16/27, 44/33, 45/47 
35 Nm2025: tbpB, transferrin-binding protein B 71/33 

Nm2028: amiC, N-acetylmuramoyl-L-alanine amidase 78/47 

Nm2029: unknown 7/21, 78/38, 91/36 

Nm2035: conserved hypothetical protein 71/5 

Nm2036: unknown 37/44, 40/19, 41/34, 49/21, 56/23 
40 Nm2038: recO, DNA repair protein 16/44 

Nm2040: possible integral membrane efflux protein 95/33 

Nm2041: conserved hypothetical protein 45/9, 81/42 

Nm2046: hypothetical integral membrane protein 11/18, 77/48, 79/45, 88/40 
Nm2048: conserved hypothetical protein 41/12', 81/22' 
45 Nm2052: acnA, aconitale hydratase 146, 23/41, 308,38^5,45/5,49/10,55^0, 59/10,7039, 73^2,87/12 
Nm2054: prpC, citrate synthase 2 8/28, 29/48, 55/29, 62/39, 91/29, 96/30 
Nm2055: prpB y possible carboxyphosphonoenol pyruvate phosphonomutase 26/1, 87/10 
Nm2056: conserved hypothetical protein 25/24, 87/41 
Nm2057: fisZ, cell division protein 62/13 
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Nm2064: murD, UDP-N-acetylmuramoylalanine--D-gIutamate Iigase 56/21 
Nm2065: possible periplasmic protein 60/19, 81/45 
Nm2069: probable integral membrane protein 3/4, 31/5, 34/47, 45/42 
5 Nm2071 : murE, UDP-N-acetylmuramyl-tripeptide synthetase 57/14 
Nm2074: conserved hypothetical protein 51/30 
Nm2076: conserved hypothetical protein 13/2 

Nm2078: possible thiol-disulphide interchange protein 2/31', 21/32, 24/13, 36/43' 

Nm2079: hypothetical lysine-rich membrane protein 18/5, 40/41, 64/38 
10 Nm2083: putP, sodium/proline symporter 30/33, 51/19 

Nm2084: putA, bifunctional PutA protein 13/42, 16/10, 53/5, 89/21 

Nm2086: xthA, exodeoxyribonuclease III 86/31 

Nm2088: nadC, nicotinate-nucleotide pyrophosphorylase 69/35 

Nm2092: nadB, L-aspartate oxidase 2/4, 47/24 
15 Nm2098: mapA y possible maltose phosphorylase 5/34 

Nm2099: galM, aldose 1-epimerase (mutarotase) 11/10, 77/42 



Nm2100: pasible maltose^r symporter 9^8', 37/47, 4015, 49/9, 52/24, 54/3, 7(V4G, 8<5/45\ 89/24' 
Nm2101: ABC transporta- ATP4±xtng protein 1/19\ 518', 14/4, 3823, 4316,90*14 
20 Nm2105: rmpM, outer membrane protein class 4 89/30 

Nm2107: possible anaerobic transcriptional regulatory protein 39/44 
Nm21 11: conserved hypothetical protein 44/13, 78/11 
Nm2112: mafA2, adhesin 12/21, 67/1, 86/19 

Nm2113: mafB2, adhesin 2/7, 4/42, 10/32, 28/43, 38/24, 77/22, 77/27, 88/33, 93/22, 94/5 
25 Nm21 14: hypothetical protein 52/20, 73/21 

Nm21 15: hypothetical protein 69/17', 70/44', 84/20 

Nm2118: hypothetical protein 12/32, 24/11, 68/23 

Nm2120: hypothetical protein 3/23, 42/21, 78/24 

Nm2122: hypothetical protein 20/13, 29/3, 29/38, 64/11, 86/35 
30 Nm2123: frpC\ possible partial CDS 16/30, 51/12, 74/40 

Nm2124: possible outer membrane protein 43/5 

Nm2127: possible integral membrane signal transducer protein 56/47 

Nm2129: aroE, shikimate dehydrogenase 49/7 

Nm2130: mtgA, monofunctional biosynthetic peptidoglycan transglycosylase 52/6 
35 Nm2131: possible ABC transporter ATP-binding protein 13/10 

Nm2136: tal % transaldolase 30/12, 92/9 

Nm2137: hypofoetic^ protein 1^^^ 

Nm2138: hypothetical protein 56/42 

Nm2139: conserved hypothetical protein 78/34 
40 Nm2140: conserved hypothetical protein 1/11, 4/13, 32/9, 66/4 

Nm2142: possible periplasmic hypothetical protein 18/24, 46/40 

Nm2143: conserved hypothetical protein 42/40, 48/46 

Nm2145: possible morphogene 19/45, 23/18', 32/22, 36/2, 75/47, 87/33' 

Nm2146: tspA, Neisseria-speciftc antigen protein 9/9, 51/20, 76/6 
45 Nm2149: possible inner membrane hypothetical protein 53/28, 66/17 

Nm2l51: ilvE, probable branched-chain amino acid aminotransferase 41/31, 66/34 

Nm2l54: pgi2, glucose-6-phosphate isomerase 2 73/15', 75/30, 82/4, 84/15' 

Nm2155: pilG, pilus-assembly protein 2/19, 14/45, 2S09, 32/46, 67/33, 85/28 

Nm2156: pilD, prepilin leader peptidase 4/16, 45/16 
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Nm2158: conserved hypothetical protein 1/10 

Nm2159: pzZF, type IV pilus assembly protein 16/46, 41/32, 50/46, 5&18, 7(V28, 73/27, 7432, 95/30 
Nm2167: hypothetical protein 1/12 
5 Nm2168: emrB y multidrug resistance translocase 33/25, 33/39, 57/48 
Nm2169: emrA, multidrug resistance translocase 23/45 
Nm2170: conserved hypothetical protein 89/14 
Nm2171: conserved hypothetical inner membrane protein 4/35, 6/20 
Nm2172: conserved hypothetical protein, possible peptidase 6/38 
10 Nm2174: conserved hypothetical protein 6/41, 17/13, 60/20 

Nm2175: vapA, possible virulence associated protein 29/25, 85/4 
Nm2178: conserved hypothetical protein 2/48 

Nm2180: aroG, phospho-2-dehydro-3-deoxyheptonate aldolase 30/11, 78/10 

Nm2181: hypothetical protein 64/35, 71/26 
15 Nm2183: opcB, outer membrane protein 32/30', 32/44', 72/42 

Nm2186: hypothetical protein 19/22 

Nm2189: hypothetical inner membrane protein 2/6*, 29/12' 

Nm2191: possible thiol :disulphide protein 22/33, 35/2, 50/20, 74/14 

Nm2193: possible TonB-dependent receptor protein 23/7, 25/7, 46/8, 62/3, 71/23 
20 Nm2195: hypothetical protein 78/2 

Nm2196: conserved hypothetical inner membrane protein 65/9 

Nm2200: dinG y probable ATP-dependent DNA helicase 83/12, 83/44', 84/21' 
Nm2202: possible inner membrane trans-acylase protein 88/4 
25 Nm2204: hypothetical protein 1/23, 3/12 
Nm2206: possible rotamase 39/27 
Nm2207: possible solvent tolerance protein 44/22 
Nm2208: hypothetical protein 60/38 

Nm2209: possible thiohdisulphide interchange protein 32/26, 54/29 
30 Nm221 1: conserved hypothetical protein 17/26 

Nm2212: rrpC, indole-3-glycerol phosphate synthase 83/13 

Nm2213: recQ, ATP-dependent DNA helicase 7/12, 39/48, 42/4, 62/33, 68/24, 72/16 

Nm2214: hypothetical protein 13/24 

Nm2216: possible hydrolase 75/11 
35 Nm2218: possible tRNA/rRNA methyltransferase 1/15, 43/14 

Nm2219: possible periplasmic protein 70/35 

Nm2221: ruvA, Holliday junction DNA helicase 70/34 

Nm2223: probable ABC transporter 16/9, 44/3, 85/29 

Nm2225: xseB, exodeoxyribonuclease small subunit 42/37 
40 Nm2228: nuoN, NADH dehydrogenase chain N 24/35 

Nm2229: nuoM, NADH dehydrogenase chain M 55/2 



Nml71 or Nml72: possible integral membrane protein or unknown 79/24 
Nml88 or Nm205: rfhA, glucos^l-phosphate thymidylyltransferase 27/38', 33/1', 3539', 37/2 r , 37/26 1 , 
45 5B8 

Nm293 or Nm609: pilC2 or pilCl, pilus-associated protein 5/42, 21/4, 38/36, 40/16 
Nm788 orNml626: fipA ovfrpC, exotoxin 3/17, 4/36\ 637,7/36', 13/41, 166?, 18K36\ 19/7,21/17", 2417', 
27/28,3403,45^,4012,65/27,67/22 
Nml 166 or Nml998: unknown 82/24 
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Nmll67 orNml999: possible phage protein 12/37', 18/37', 22/21, 44/37', 46/28 
Nml 169 or Nm2001 : unknown 78/44 
Nmll86 or Nml301: unknown 21/23, 26/41, 49/23, 56/37 
5 Nml676, Nml890 or Nm2043: opacity protein 44/12 
Nml780 orNml781: doubtful ORFs 94/44 
Nm2093 or Nm2097: B-phosphoglucomutase 20/32 



NmB65: hypothetical protein 61/44, 77/4 
10 NmB69: siaB, polysialic acid capsule biosynthesis protein 28/22 

NmB70: synX 9 polysialic acid capsule biosynthesis protein 74/2, 77/19 
NmB91: hypothetical protein 1/4 
NmB95: hypothetical protein 76/25 

NmB98: ABC transporter ATP-binding protein 7/23, 32/20, 52/33, 65/6', 69/6' 
15 NmB200: hypothetical protein 25/18 

NmB223: hypothetical protein 30/6 

NmB489: hypothetical protein 28/13, 73/8, 90/4 

NmB490: PspA-related protein 77/13 

NmB493: hemagghilinin/h^ 
20 81/15, 82^8,89/28 

NmB495: replication protein 74/39 

NmB647: hypothetical protein 52/7 

NmB648: hypothetical protein 5/40 

NmB896: integrase 16/22, 43/15, 94/14 
25 NmB897: hypothetical protein 83/10 

NmB912: hypothetical protein 52/35 

NmB913: pemK protein 50/44 

NmB 1489: hypothetical protein 65/33, 77/8 

NmB1502: hypothetical protein 4/3, 40/13, 49/13, 56/32, 58/13, 60/13, 75/23, 76/31 
30 NmB 1603 tellurite resistance protein 28/10, 60/16, 78/1 

NmB 1692: chorismate mutase-related protein 67/29, 68/14 

NmB 1753: VapD-related protein 21/46\ 75/28' 

NmB 1759: conserved hypothetical protein 9/10, 31/28 

NmB 1761: conserved hypothetical protein 30/35 
35 NmB 1762: hemolysin activation protein HecB 33/36 

NmB 1768: hemagglutinin/hemolysin-related protein 20/43', 31/29', 67/27, 68/48 

NmB 1771: hypothetical protein 19/41, 67/7 

NmB1829: TonB -dependent receptor 4/32, 47/2 

NmB 1854: hypothetical protein 43/48 
40 NmB21 16: hypothetical protein 41/41, 69/15 
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614.386 


472,245 
Nm485 






923.38 
Nm955 


948.46 




1.943.994 
Nm2010 


1.612.586 


scq. ropclec< 




595.277 
Nm6l8 


932.245 
Nm968 


7 


839.895 


2.054.730 
Nm2l0l 


1,820.075 


367,898 




# 1.089.503 


1,926,443 




306.288 
Nm325 


•» 




1.405. 1 89 
Nml 507 


1.089.647 


801.597 
Nm820 


33,202 
Nm39 


« 1 ,465,^66 




2,051,725 
Nm2098 


1.354.690 
Nml46l 


214.973 
Nm225 


1,174.994 
Nml 248 


83,201 
Nm84 


1.377.702 
Nml482 


NmB<S48 


873.622 
Nm904 


PiK:i/PiK*2 


1,204,530 
Nml 276 


7 


7 


384.917 
Nm4l4 


702,612 
Nm714 
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POOL 6 





1.015,304 
Nml054 




1.552,951 
Nml642 


786.706 
Nm80l 


911,076 
Nm942 


stfi|. rcpctccs 


826.894 
Nm845 


390.345 
Nm422 


734,004 
Nm740 




487,348 
Nm506 




.<et|. vcpcitcx 


590,156 


812,45 


t. 248.8 18 


# 1.013,30*) 


483.345 
Nm503 


2.115,983 
Nm2l71 




1.324,691 


# 1,481,782 
Nml575 


sctf repetccw 


489.641 


1.536,678 




976,66 
Nml0l2 


265.362 
Nm279 


1,187.524 




U 1,465.368 


1.136,459 
Nmll95 


1,633.105 
Nml702 


965.302 
NmlOOl 


1.277.441 


FrpArt" 


2,228,347 
Nm2l72 


2.054.513 


333.694 


2.120.475 
Nm2174 


1.934,871 
Nm 1996 


463.974 
Nm478 




704,647 
Nm715 


614,119 
Nm631 


860,806 
Nm888 


1,149.676 
Nml206 



POOL 7 



876.733 
Nm905 


1.329.099 
Nml436 




7 


1.319.200 
Nml42l 


618,039 




1,205,001 


722.895 
Nm730 


# 785,373 
Nm800 


810,111 
Nm827 


2.168,807 
Nm22l3 


913.047 
Nm944 


1.428.643 
Nml533 


1.158.431 


631.905 
Nm646 


686.146 
Nm694 


343.971 
Nm372 


1.820.075 


717.665 
Nm725 


# 1.973.097 
Nm2029 


620,285 
Nm636 


NmB98 


scq. rcpvlccs 


554.46 
Nm580 


1,170,289 
Nml243 


1,038,614 
Nml090 


seq. rcpetecs 


718.183 


997.777 
Nmt037 


1.370,110 
Nml475 


# 1 .465.368 


947.591 
Nm982 




1,034,406 
Nml086 


>> 

FrpA/FrpC 


138.69 
Nml55 


1.190,428 


14.916 
Nml8 


937.945 
Nm973 


892.259 


687.915 
Nm696 


■i 


481,434 
Nm499 


2,075.630 


745.727 
Nm753 


1,314.152 
Nml415 





POOL 8 



644 
Nm2 


1,352,235 


1,445.893 
Nml547 


1.499.525 
Nml592 


343,862 


2,115,836 


150,856 
Nml65 


1.369.492 
Nml475 


1.642.041 
Nml709 




2,044,450 


1,828,682 
Nml900 


2,115.219 




150.856 
Nml65 




1.248.816 


31.804 
Nm36 


1,820.075 


1.245.859 


507,967 


983,878 
Nml022 


491.581 
Nm5l2 


1.407.434 




1,652,248 
Nml720 


343.971 
Nm372 


2,000,303 
Nm2054 


666.354 


303,392 
Nm319 


933.246 


1.265.402 
Nml366 




1.269.148 
Nml369 




1.560.853 
Nml646 


1,983.878 
$6q. rdpetdes 


1,809,404 
Nml886 


1,633.105 
Nml702 


873.344 
Nm904 


12,174 
NmlS 


958,75 
Nm995 


1.359.833 
Nml466 


1.136,829 
NmiI96 


707,683 


stfq. ic peters 


807,717 
Nm826 


t.606,118 
Nmt683 



POOL 9 



FrpA/FrpC 


seq. reprices 


*c'q. repete'es 




955,198 


609,648 
Nm629 


478,172 
Nm496 


441,981 


2.093.221 
Nm2146 


NmB1759 


1.755.247 


H H4i,S4:> 


1,276,911 


644,221 


1.339,758 
NmI445 


1.878.696 


18.431 
Nm22 


1.727.220 
Nml784 


1,117,688 
Nmll64 


2,084,938 


263.862 


886,67 
Nm909 


611,115 
Nm631 


'} 


874.549 
Nm905 


.seq. rcpcavs 


1.585.203 
Nml665 


959,423 
Nm995 


seq. repefeus 


2.054.565 








838.871 


1.852,051 
NmI920 


798,22 
Nm8!7 


55,167 
Nm60 


2,054,319 
Nm2I00 


1,522,357 


1,861,837 
Nml929 


1,367,188 
Nml473 


163,763 
Nml82 


892,261 


2,042,752 


it 1,901,617 
NmlVtiA 


1,069.137 
Nmlll8 


1,566.007 


1,489,574 
Nml584 



POOL 10 



156.021 


435.022 
Nm457 


1.562.753 
Nml647 


610.203 
Nm630 






1.808.086 
Nml886 




352.213 
Nm382 


775.797 




1.896.645 
NmI961 


654.467 


503,134 
Nm524 


1.415.342 


1.028.000 
Nml074 


1,036.914 


722.796 
Nm730 




1,315.653 
Nml417 


682.133 
Nm690 


1,425,908 
Nml528 


2.001.393 


747,045 


seq. ivpetces 




2.100.166 


seq. ropclecs 




2,054.565 




2.068.748 
Nm21 13 


637.874 
Nm650 


1.379,195 
Nml483 


set), repctees 


•i 


1,719.627 




1.370.926 


822.846 




1.307.638 
N ml 409 


278.168 
Nm292 


745.346 


1,752.868 




383,78 
Nm4l3 
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POOL 11 



NmB493 


349,67 




1.614.134 
Nmio90 


420.833 

INm'WJ 




232,002 
Nm247 




799,786 


2,052,437 
Nm2099 


1.459.278 
Nml 557 


1,262.685 
Nm 1 363 


1 ,027,428 
Nml073 


2,086.269 
Nm2137 


1.696,334 


232 
Nm247 


# 483,902 
Nm503 


1.990,827 
Nm2046 


1.857.005 
Nml925 


1,646.465 
Nml7l5 


•i 


947,39 
Nm98l 


1,605.658 


718.555 
Nm726 


1,082,665 
Nmll34 


747,103 


1.354,680 
Nml460 


572.705 
Nm600 


•» 


1.395.005 


1.292,265 
Nml393 


(.277,299 
Nml373 


212,715 


•) 


1.478,537 
Nml574 


860.144 


•t 


1.253.541 
Nml 356 






1.107,042 


2,086,269 
Nm2I37 


scq. reprices 


1.892.121 
Nmi957 


1.123.351 
Nm 1 1 74 









POOL 12 



NmU493 


1.9M.190 
Nml973 


scq, reprices 




209,739 
Nm221 


1,483.767 
Nml 577 


236.618 
Nm251 


786.706 
Nm80l 


scq. repot ccs 


# 1. 165.235 
Nml234 




804.79 
Nm823 


298,612 


39,054 
Nm47 


1,253.625 
Nml356 




236.49 
Nm251 


1.132.888 
Nmll86 


236.618 
Nm251 


'i 


Nm2ll3 






1.941.704 
Nm2007 


415.186 
Nm441 




■i 


298.306 
Nm307 


scq. ro prices 


2.051.828 


1.306.890 
Nml 408 


2071193 
Nm2118 


870.61 
Nm900 


878.949 
Nm905 


1.767.075 
Nml819 


341,23 
Nm368 


*> 

Nml 167 or 
1009 




1,057.731 
Nml 1 10 






1.709.975 
Nml765 


1.808.168 
Nml886 


seq. reprice* 


741.849 
Nm750 


1,245.699 
Nml34l 


2,060,827 





POOL 13 



se*q. rc'|vices 


2.025,485 
Nm2076 


175.336 
Nml 93 




851.59 
Nm873 


994.646 
Nml034 


1,103,757 
Nml 152 


1,616,021 
Nml692 


1.034.609 
Nml086 


2,082,006 
Nm2131 




1.097.438 


scq. rcpuicus 


scq. rcpciccs 




180.821 
Nml98 


382,61 
Nm412 




390,462 
Nm422 


1,809,978 
Nml 886 


175.446 
Nml 93 


747,088 




2,169.818 
Nm22l4 


745,16 


■> 


290.299 




# 2.071,060 
Ntn2l 17 


# 1 .670,052 
Nml 740 


139,199 
Nml 55 


# 1. 4*5.3 W 


366.813 
Nm397 




1.852,051 
Nml 920 


rcpeiocs 


92,107 




1.380.378 
Nml485 




I'rpA/PrpC 


2.032,849 
Nm2084 


303.532 
Nm320 


1.414.499 
Nml519 


1.031.914 
Nml 083 


2.1 15.289 


62.001 


2.102.112 



POOL 14 



scq. rcpciccs 


1,164,370 
Nml 233 


1,390.528 
Nml49J 


1.560,805 
Nml 646 


1,997.894 
Nm2052 


■» 


709.875 
Nm720 


1.184,706 
NmJ255 


1,417.135 




1.378,089 
Nml483 






2,054.792 
Nm2t01 


1,725.614 


38,003 




S8SBHHSB 




2,144.646 


1.408.217 
Nml 509 


718.246 


1,696.173 


1,152.464 
Nml207 


567.352 
Nm594 


NmR497 or 
1770 


1.428.431 
Nml533 


1.076.035 
Nml 126 


815.55 
Nm832 


1.885.507 
Nml951 


675,2 
Nm688 


297.511 


745,16 




1,697,450 
Nml 754 


948.46 


1.520.153 




1,301,518 
Nml40i 


1,401,731 




1,083,772 
Nml 136 


347.219 
Nm374 


1,290,607 


2,102,277 
Nm2155 


70.533 
Nm73 


7 


417,289 



POOL IS 



973.938 
Nml 008 


2,075.448 






1,495.207 
Nm!590 


1,332,096 
Nml438 




1.972,429 


214,969 
Nm225 


1.698.716 
Nml756 


1.084.893 


1.858.309 


t* 541.225 
Nm5ft7 


62.406 


2.075,433 


782.166 


666.947 
Nm679 




1.232.670 
Nml 325 


175.446 
Nml 93 


223.973 


611.239 
Nm63l 


77.675 


1,099.411 
Nml 149 


812.142 


1,032,157 
Nml 084 


2.063.360 






1.726.736 
Nml783 


scq. reprices 


472.929 
Nm486 


1.172.755 
Nml 246 


scq. icpctees 


1.366.559 
Nml 473 


1.611.297 
Nml687 


1.726.253 
Nml 783 


897.182 
Nm925 




704.647 
Nm7l5 






520.12 
Nm54l 


■■» 


5.514 
Nm8 


1008897 
Nml 048 


31.414 


1.381.289 
Nml485 
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274,161 
Nm289 


674,198 
Nm688 


1,714.226 
Nml768 


1.494.101 


239.262 
Nm255 


1 .095.984 
NmM48 






2,176.234 
Nm223 


2,033,365 
Nm2084 


695.279 
Nm707 


scq. rcpctccs 


1,204,534 
Nml276 




625.143 
NmftJW 




# 483,902 
Nm503 




sct|. repeieVj. 


219,573 
Nm233 


1 OTA "71 < 

Nml938 


fMinoijvo 




•» 


Nm690 




L963.935 
Nm2024 


1.895.185 
Nml960 


30.98 
Nm35 


# 2,074,494 
Nm2123 


# 928.376 


nccj. rcpeu ; es 


7,561 
NmlO 


1,068.213 






1,295,073 
Nml395 


1,158,431 


957.57 
Nm994 


2.098.17! 






1.106.063 


1.979,533 
Nm2038 


472.082 
Nm485 


2,105.772 
Nm2159 




1.561.892 
Nml647 





964,089 
Nm999 






502.84 
Nm524 


1.810.615 
Nml887 


382.457 


1.892.522 
Nml957 






> 


70,176 
Nm73 


2.121.093 
Nm2!74 




311.844 


2,038,918 


449,203 
Nm470 


1,618.921 
Nml694 




333.579 


■i 

NmB497 or 
1779 




1.929,653 
Nml991 


•.» 


1,043.748 
Nml095 


2,165,376 
Nm22U 


1,376,480 
Nml482 




351,042 


658.295 
Nm670 


scq. rope ices 


523,862 
Nm546 




scq. reptSiecjv 




1,173.077 
Nml246 


948.92 


7 


1,833,197 


2,157.77 


335.167 




1,489.681 
Nml 584 








230,818 





POOL 18 



1.633,794 




1,009,610 
Nmi048 




# 2,027.853 
Nm2079 


704.336 
Nm715 


1.954.730 




792,595 


scq. repcie'es 


812.142 


363.135 


1,222.899 
Nml3l3 


1.341,079 
Nml 446 


178.647 
Nml 95 


753,229 
Nm762 




#210.810 


1.059.662 
Nmllll 


618,007 


1,307,751 
Nmt409 


1,564,191 
Nml 649 


298,638 


2.090.320 
Nm2142 


1.413,590 
Nml518 


? 




1,880.098 
Nml946 


sv<\. repel ccs 




1,225.309 
Nml315 


1.810.158 


753.229 
Nm762 


2.002.551 


306,658 
Nm325 


PrpA/FrpC' 


Nml lr»7 or 
1900 


346.481 
Nm374 


1.867,553 
Nml934 




*e'q. rerK-ie*es 




•» 


1.095,057 
Nmll46 




153,926 


it I.X59.I2I 


40.553 
Nm48 



POOL 19 



166.036 
Nml 84 


St:q. repeiecs 




1.418.510 
Nml 523 


1,177,109 
Nml 250 


1.328.654 
Nml 435 


FipA/Ffpf. ' 


796,864 
Nm8l6 




1,476.286 




1.039.018 
Nml 090 


236.49 
Nm251 


168,27 
Nml 85 




311.848 


1,429.874 


689.245 
L Nm697 


746.538 
Nm753 


333.579 


# 1.406,958 
Nml 508 


2.129.971 
Nm2l86 




854.264 
Nm879 


1.605.658 




745.076 
Nm752 


1.464,394 
Nml 560 


1.264.321 
Nml 365 






2.038.916 


639.823 
Nm654 


1.353.165 
Nml459 




555.53 
Nm582 


1,397,846 
Nml 500 


7 


1.717.473 
Nml77l 


•> 


NmBl77t 


1.097,274 


147.988 
Nml 62 


60.962 
Nm65 


2.091.395 
Nm2145 


.•icq. nSpetees 


619,425 
Nm635 


1,484.721 
Nml 579 



POOL 20 



1.499,525 
Nml 592 




scq. repel ccs 


325,573 
Nm348 


1.943.023 
Nm2009 




18,989 
Nm24 


1.633.760 


523.612 
Nm546 


1.197,851 


311.157 
Nm331 




2.073.687 
Nm2i22 


1.654,150 


390.345 
Nm422 


1.221,758 
Nml3l3 




931.104 


1.870,638 
Nml 937 


1.820.033 


1,158.433 


77.673 


«;eq. re pt: ices 


76.633 
Nm77 




359.081 
Nm388 


683.971 
Nm692 


671.15 
Nm687 


scq. re pel ccs 


1.357,963 
Nml465 


566,692 


Nin2CW.» or 
2097 


1.315.330 
Nml4l7 


1.095.984 
Nml 148 


1.417.135 


•> 


810.231 
Nm827 


228.839 
Nm245 


scq. rcpciccs 


1,204.632 
Nml 276 


976.878 


1.028.036 
Nml074 


NmH1768 


16.188 
Nm20 


1.164.337 
Nml233 


scq. rcpclccs 


1.577.038 
Nml 660 


1.622.163 
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#' 



CT/FR02/04587 



onn\ ?<i 








1,096,189 
Nmll48 




784,782 
Nm800 


Pi1Cl/PilC2 


1,570,016 
Nml655 


539,07 
Nm562 


1,610,566 
Nml 686 


786,327 
Nm800 


154,739 
Nml69 


590,172 


1,342,979 i 


>eq. repetees 


359,081 I 
Nm388 1 




■} 




7 

FrpA/FrpC 


1,945,705 
Nm201 1 


216,215 
Nm226 




502,989 
Nm524 


1,463.566 
Nml 560 


y 

Nml 186 or 
1301 


82,652 
Nm84 


559,219 
Nm587 


887,202 


1,128,835 
Nmll81 


1,483,765 
Nml577 


2.061.700 


552,728 
Nm579 


1,334,701 
Nml441 


2,027,640 
Nm2078 






1,867,278 
Nml934 


1,034,804 
Nml086 




# 1,414,887 
Nml5l9 


1,257,070 


355,764 
Nm385 


809,086 
Nm826 


1,199,614 
Nml270 


703,372 
Nm714 


996.933 
Nml 036 


1,380,045 


NmB1753 


559,952 
Nm587 


1,954,750 






pnnr ?? 






1,101,770 


1,577,038 
Nml660 


950,051 


1,909,959 


1,830,389 
Nml90t 




1.020,413 
Nml062 


1,357,641 
Nml465 


1,056,840 
Nmll08 


1,613,111 
Nml688 


681,43 | 
Nm690 


809,123 




168,27 
Nml 85 


1,415,342 


1,057,486 
Nml 109 


460,196 
Nm476 


1,221.839 
Nml313 


seq. rcpctecs 


1,611,248 
Nml687 


•> 

Nml 167 or 
1999 


scq. rcpc'iccs 




1,698,170 
Nml755 


1,236.888 
Nml331 




■1 


seq. rcipeiees 


2,115,287 


seq. r£peiees 






2,140,200 
Nm2191 


1,456,417 
Nml556 


1,911,412 
Nml973 


543,611 


seq. repeuies 




957,57 
Nm994 


957,959 
Nm995 


1,095,408 
Nmll46 






1,612,676 


328,357 
Nm353 


1,416,528 
Nml 520 




-) 






onni 23 — 






499.77 


1,443,825 
Nml546 


1.093.681 
Nmll45 




# 1,727,082 


613.514 
Nm631 


2,141,716 
Nm2193 


166,036 
Nml 84 


'.• 


•> 


446,129 
Nm465 


PitS? 




1.350,746 
Nml456 


219,315 


928,098 
Nm962 


1,328.257 


2,091,539 
Nm2145 


# 1,893.655 
Nml958 


1.680,771 
Nml 740 


962,591 
Nm996 


891.918 




732.399 


745.16 


•» 


1,636,849 
Nml706 




1,162,075 
Nml228 


2,074,546 


1.873,136 
Nml 940 


1.586,639 
Nml666 


470,196 






0 


11,401 
Nml4 


1,707,889 






1,997,296 
Nm2052 




# 156,613 
Nml73 


1,460,625 
Nml558 


2,114,901 
Nm2169 


1,909,961 










onni ?a 






1,488,248 
Nmi58l 




1.944,844 
Nm2010 




scq. rcpeiees 




1,520,203 


1.018,445 
Nml 059 


1.237.620 


421,351 
! Nm445 


2.071,463 
Nm2U8 


1,368,808 
Nml475 


2,027.698 
Nm2078 


429,621 
Nm453 




33,147 
Nm39 


•i 

FrpA/FrpC 


976.749 


1,873.020 


1,840,681 
Nml914 


2,071,190 


295,188 
Nm303 


1,204,377 


470,187 
Nm482 


seq. repetccs 




1.866,868 
Nml934 


163,598 
Nml 82 


330.076 


seq. r6p£tee.<i 


1,257,212 


151.642 
Nml 65 




895.761 


2,180,164 
Nm2228 
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Figure 4A 



Q ctrA, capsule export outer membrane protein (NmB71): mutant 43/8 
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Figure 5 A 

a just ahead ctrB, capsule export inner-membrane protein (NmB72): mutant 40/45 
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Figure 6 A 

□ ctrC, capsule export inner-membrane protein (NmB73): mutant 85/40 
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Figure 7A 

□ ctrD, capsule export ATP-binding protein ( NmB74) : mutant 93/47 
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Figure 8A 

□ siaA, sialic acid biosynthesis protein (NmB70) : mutant 77/19 
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Figure 9A 

□ siaB, sialic acid biosynthesis protein (NmB69) : mutant 28/22 
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Figure 10A 
□ siaA-ctrA, intergenic region: mutant 3/16 
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Figure 11 A 

□ HpA, capsule phospholipid modification protein (NmB82) : mutant 58/48 
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Figure 12A 

□ UpB, capsule phospholipid modification protein (NmB83): mutant 19/14 
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Mutant NpB en serum complements 
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Figure 13 A 

□ IgtA, lacto-N-neotetraose biosynthesis glycosyl transferase (NmB1929): mutant 
56/17 



Mutant IgtA en serum complements 
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Figure 14A 



□ IgtEy lacto-N-neotetraose biosynthesis glycosyl transferase (NmB1926): mutant 
3/39 
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Figure 15A 

a IgtF, P-l, 4- glucosyl transferase (NmB1704): mutant 71/8 
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Mutant IgtF en serum decomplemente 
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Figure 16 A 

□ rfaD, ADP-L-glycero-D-mannoheptose epimerase (NmB828): mutant 47/39 
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Figure 17A 

□ rfaE, ADP-heptose synthetase (NmB825) : mutant 13/6 
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Figure 18A 

□ pgm, phosphoglucomutase (NmB790): mutant 25/5 
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Figure 19A 

□ galU, UTP-glucose-l-phosphate uridylyltransferase (NmB638): mutant 32/37 
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Mutant galU en serum decomplemente 
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Figure 20A 

□ out, possible cytidylyltransferase (NmB2076) : mutant 55/48 
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Figure 21 A 

□ hypothetical protein (NmB065): mutant 61/44 
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Figure 22A 

□ just ahead sugar isomer as e (NmB352): mutant 33/7 
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Mutant NmB352 en serum decomplemente 
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□ gene inconnu: mutant 63/19 
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Mutant 63/1 9 en serum decomplemente 
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□ g&ne inconnu: mutant 76/14 
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